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FOREWORD 

This  rapoi*t  was  prepared  by  Walter  Kidde  &  Co.,  Inc.  Aero-Space  Division, 
Belleville,  New  Jersey  under  Navy  Contract  No.  NOir6l-Oli97-C  (FBM)  entitled 
Fiberglass  Motor  Case  Study  -  Polaris  Second  Stage.  The  work  was  adminis¬ 
tered  under  the  direction  of  the  Naval  Research  Laboratory  with  Mr.  J.  Kies 
and  Dr.  I.  Wolock  acting  as  teehnlcad  advisers. 

This  report  covers  the  work  conducted  from  April  1,  1961  to  February  15,  1962 
and  was  written  by  Mr.  T.  Sluta  of  the  Walter  Kidde  &  Co.,  Inc.,  Belleville,  N.J. 
The  writer  Is  especially  grateful  to  Mr.  F.  Wolff,  Hr.  T.  Hadeler  and  Mr.  H. 
Oalalian  for  their  assistance  In  eonducting  the  program  and  oonstructlve 
criticism  in  the  preparation  of  this  report. 
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ABSTRACT 

The  main  objective  of  this  program  was  to  review  the  Polaris  second  stage 
end  closure  configurations  and  to  improve  the  existing  design  throu^  ex- 
perlnental  and  analytical  techniques.  This  was  accomplished  by  refining 
the  end  contour  so  that  bending  and  points  of  inflection  in  the  pressurized 
dome  stznicture  were  ninlmlzed. 

A  zero  shear  or  geodesic  contour  was  developed  using  an  analog  technique 
in  which  the  fibers  are  stressed  only  in  tension.  Following  subsequent 
hydrostatic  tests  which  demonstrated  the  improved  structural  efficiency 
of  this  contour  another  modification  was  made  in  which  the  contour  was  made 
to  conform  with  established  deflection  tendencies.  An  empiric^  equation 
for  predicting  deflections  on  other  scale  models  was  developed. 

Zero  shear  contour  deflections  were  shown  to  be  essentially  linear.  Test 
results  showed  that  upon  pressurization  an  initial  diange  in  shape  took  place 
under  very  little  loading  and  that  following  this  reoirientatlon  deflections 
progressed  in  a  linear  fashion.  Strain  gage  results  indicated  strains  were 
distributed  uniformly  throughout  the  done  structure  with  very  little  bending 
evident. 

Insight  was  gained  into  the  mechanics  governing  dome  deflections  and  effective 
methods  were  established  for  the  determination  of  more  efficient  done  closures. 
With  these  techniques  filament  wound  dome  closure  contours  can  be  made  mutually 
compatible  with  such  parameters  as  winding  angle,  patteni,  and  various  rein¬ 
forcement  and  fabrication  techniques. 
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1,0  INTRODUCTION 

The  analysis  and  design  of  filament  wound  rocket  chambers  and  dome 
closures  is  difficult  due  to  the  inherent  laminate  unidirectional 
properties  encountered  in  this  type  of  construction.  Although  the 
light  weight-high  strength  characteristic  of  filament  wound  composites 
has  increased  the  efficiency  of  rocket  chambers,  present  day  design  and 
fabrication  methods  are  still  considered  an  art.  Sound  design  techniques 
must  still  be  evolved  to  supplement  present  day  development  methods. 

In  the  past  many  theortes  were  applied  in  the  design  of  filament  wound 
pressure  vessel  end  closure  contours,  but  in  practice  inconsistent 
results  were  achieved.  This  is  partly  due  to  the  fact  that  the  glass 
fibers,  which  are  the  main  load  carrying  element,  could  not  always  be 
placed  in  the  direction  of  the  load  being  supported.  A  further  compli¬ 
cation  is  the  disiruption  of  filament  continuity  by  inserts,  reinforcements 
and  off-center  ports.  Structural  efficiency  is  also  adversely  affected 
by  differences  in  the  natural  flexibility  of  the  head  and  cylinder  sec¬ 
tions  which  cause  the  two  parts  to  attempt  to  deform  radially  and  angularly 
at  different  rat  is . 

One  of  the  primary  purposes  of  this  program  was  to  take  an  objective 
look  at  the  Polaris  second  stage  forward  and  aft  dome  closure  configura¬ 
tions  and  to  refine  the  end  contours  so  that  the  glass  reinforced  laminate 
is  utilized  to  its  maximum  efficiency.  This  was  successfully  accomplished 
by  obtaining  a  contour  which  is  mutually  compatible  with  the  winding  angle 
and  pattern  and  which  conforms  with  established  deflection  tendencies. 

Tests  have  shown  this  contour  to  be  highly  efficient. 
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An  a^)trlcal  tabhnLque  mm  ovolvod  for  dereloplng  the  optlfflum  contour.  In 
this  toehnlque  the  direction  of  the  fibers  Is  made  to  coincide  with  the  direc¬ 
tion  of  the  applied  load  which  resists  the  internal  pressure  forces.  This 
results  in  a  structure  which  produces  aero  or  ndnimun  shear  stresses. 

The  work  in  this  program  was  divided  into  the  following  categories: 

1.  Preliminary  testa  to  determine  the  effect  of  winding  angle  and  other 
factors  on  dome  contours. 

2.  Selection  of  an  optimum  contour  and  winding  pattern. 

3.  Tests  on  oblate  spheroid  specimens  to  determine  deflection  characteristics. 
U«  Design  of  a  lA  scale  model  rocket  ease  with  polar  ports. 

5.  Hydrostatic  tests  on  several  lA  scale  model  rocket  eases. 

6.  Determination  of  an  empirical  equation  governing  the  deflection  tendencies. 

7.  Study  of  available  deflection  data  on  full  scale  cases. 

8.  CoegMurlson  of  model  and  full  scale  chamber  data  And  results. 

9m  Determination  of  a  modified  and  closure  configuration  based  on  deflection 
tendencies. 

10.  Investigation  of  non-polar  port  relnfarcanents. 

11.  Evaluation  of  results  and  recommndatlons  for  the  redesign  of  second 
stage  dome  configurations. 
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2.0  aj?^'ARY 

The  end  contoure  of  the  second  eta^e  Polaris  case  were  refined  to  eliminate 
or  minimize  bending  and  points  of  inflection  in  the  pressurized  dome 
structure.  Tests  on  a  polar  ported  scale  model  rocket  chamber  were 
conducted  to  demonstrate  the  successful  achievement  of  this  objective. 

The  zero- shear  contour  developed  in  this  program  is  compatible  with 
winding  angle  and  pattern  requirements,  produces  uniform  strain  dis¬ 
tribution  throughout  the  dome  structure  and  conforms  to  the  established 
deflection  characteristics.  This  empirically  determined  contour  was 
shown  to  be  in  ccmplete  agreement  with  the  theoretical  geodesic  contour. 
The  use  of  this  contour  results  in  the  attainment  of  a  highly  efficient 
structure  in  which  the  longitudinal  and  circumferential  glass  filaments 
are  stressed  equally.  The  fact  that  an  excess  of  longitudinals  was  not 
required,  as  in  the  full  scale  chambers,  permitted  the  attainment  of  a 
strength  to  weight  ratio  of  1.68  x  10^  inches. 

Of  equal  importance,  an  empirical  method  was  developed  in  this  program 
which  permits  the  determination  of  an  optimum  zero  shear  contour  for 
different  winding  angles,  patterns  and  design  configurations.  Results 
are  shown  to  agree  with  analytical  calculations.  Furthermore  this 
method  permits  a  much  more  expedient  method  for  developing  contours 
compatible  with  multiple  winding  angle  systems.  Hydrostatic  pressure 
deflection  tests  were  performed  on  a  polar  ported  scale  model  simulating 
the  X-250  configuration  and  indicated  that  dome  deflections  were  pro¬ 
portional  to  pressure  following  an  initial  shape  change  which  took  place 
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at  low  preSEurea.  Based  on  these  deflection  tests  an  empirical  equation 
was  established  governing  the  scale  model  deflection  characteristics. 

With  this  equation,  deflections  may  be  computed* for  larger  sized  chambers, 
provided  design  and  fabrication  techniques  are  identical. 

The  development  effort  under  this  contract  was  divided  into  three  general 
phases  entitled:  1.  Parameter  Studies  Affecting  Dome  Closure  Contours, 

2.  Seale  Model  Chamber  Design  and  Study,  and  3.  Determination  of  a 
Modified  Done  Design. 

During  the  initial  phase  of  this  program  a  number  of  oblate  spheroid 
test  specimens  were  wound  incorporating  many  variables  such  as  winding 
angles  and  pattern.  The  purpose  of  these  tests  was  to  determine  the 
effect  cf  these  variables  on  the  shape  of  a  natural  contour  and  to  study 
dome  deflection  characteristics  as  affected  by  the  shape  and  winding 
geometry.  A  girth  reinforcement  simulating  skirt  effects  was  also 
studied.  Results  showed  the  winding  angle  and  pattern  did  influence 
the  natural  contour  requirements.  In  multiple  winding  angle  systaais 
it  was  found  that  the  larger  helix  winding  angle  was  more  dominant  in 
affecting  the  natural  contour  and  that  the  ratio  of  the  major  to  minor 
axis  became  smaller  as  the  winding  angle  increased. 

A  comparison  of  deflections  on  the  zero  shear  contour  scale  model  and 
X-200  full  scale  chambers  shews  that  the  actual  equivalent  values  were 
larger  with  the  zero  shear  contour.  This  is  due  to  the  reduced  amount 
of  glass  which  was  required  in  the  longitudinal  direction.  No  significant 

bending  strains  wore  detected  in  the  dome  rection,  although  deflection 
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characteristics  indicate  bending  and  discontinuities  at  the  point  of  skirt 
reinforcement. 

Analytical  studies  of  the  port  reinforcement  problem  indicate  the  most 
promising  configuration  Is  one  which  Is  based  on  matching  the  laminate 
stiffness  and  strain  properties.  Reinforcements  based  on  loading  alone 
may  produce  severe  discontinuities.  A  simplified  analysis  was  made  to 
establish  design  parameters  for  determining  the  amount  of  reinforcement 
required  around  the  non-polar  ports.  Results  Indicate  that  the  actual 
reinforcement  design  should  be  coordinated  with  tests  to  Insure  that 
deflection  compatibility  Is  achieved  between  the  reinforcement  and  dome 
configuration. 

A  review  of  test  resxilts  obtained  on  full  scale  chambers  showed  a  wide 
variation  In  dome  deflection  and  strain  characteristics  existed  between 
different  chambers.  Scalloping  and  negative  bending  strains  were  noted 
around  the  non-polar  ports.  This  shows  present  reinforcing  methods 
should  be  refined  to  increase  local  flexibility. 
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3.0  DIvSCUSSION 

3.1  Fhaae  1  -  Parameter  Studies  Affecting  Done  Closure  Contoura 

In  this  Initial  phase  of  the  program,  effort  was  e:xpended  in  the 
roriew  of  existing  theories  concerning  pressure  vessel  dome  closure 
contours  and  a  study  was  made  to  determine  the  most  important 
parameters  tdilch  affect  these  contours.  A  study  of  cnclstlng  theory 
governing  the  "zero"  minifflum  hoop  stress  contour  showed  that 
although  its  lUKlerlylng  concept  was  based  on  sound  engineering 
principles  its  use  was  limited  in  actual  practice. 

3.1.1  Theoretical  Contour  Concepts 
Hinimum  Hoop  Stress 

A  thorough  presentation  of  the  zero  hoop  stress  theory  is 
found  in  references  1  and  2.  Reference  1  develops  a  con¬ 
tour  for  minimum  hoop  atrass  based  on  a  zero  degree  winding 
angle  while  reference  2  presents  contours  for  winding  angles 
other  than  zero.  Theoretically  the  outstanding  advantage 
of  this  contour  is  that  hoop  stresses  in  the  "knuckle  area" 
adjacent  to  the  cylindrical  section  are  kept  low.  This 
contour,  however,  has  the  disadvantage  that  it  develops  high 
meridional  stresses  at  the  peak  of  the  done.  Therefore  in 
actual  practice  the  contour  is  used  in  combination  with  a 
spherical  cap.  The  spherical  cap  is  blended  with  the  zero 
hoop  stress  contour  so  that  meridional  stresses  near  the  peak 
of  the  dome  are  maintained  at  the  cylinder  hoop  stress  level, 
Fit'ure  1  presents  the  zero  hoop  stress-spherical  cap  confisrura- 
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tion  for  winding  angles  less  than  five  degrees.  Two 
ellipsoidal  configurations  are  also  shown  for  comparison 
purposes.  The  1.612:1  ellipse  has  the  sane  a/b  ratio  as 
the  zero  hoop  stress  contour.  This  figure  shows  that  the 
zero  hoop  stress  contour  provides  a  larger  dome  voliune 
for  a  particular  envelope.  Calculations  show  the  maximum 
hoop  stress  in  the  1.612:1  ellipse  idilch  occurs  at  the 
longitudinal  center  line  is  6l^  higher  than  that  of  the 
low  winding  angle  zero  hoop  stress  contour  with  the 
spherical  cap.  Figure  2  shows  the  zero  hoop  stress  con¬ 
tours  for  winding  angles  of  0,  h,  20,  and  35  degrees. 

The  contour.s  shown  in  this  figure  do  not  Include  spherical 
caps  so  that  meridional  stresses  in  the  dome  crown  area 
become  infinite.  A  comparison  of  the  various  zero  hoop 
stress  contours  shows  that  their  a/b  ratio  decreases  with 
an  increase  in  the  winding  angle.  The  non-dlmensionalized 
coordinates  for  the  contours  depicted  in  Figures  1  and  2 
are  presented  in  Tables  1.  A  comparison  shows  that  almost 
no  difference  exists  in  the  coordinates  for  the  zero  and 
four  degree  winding  angles.  This  implies  that  the  use  of 
a  small  diameter  opening  (polar  fitting)  might  be  possible 
with  this  contour  with  only  a  small  drop  in  structural 
efficiency. 
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TABLE  1 


COORUIlttTES  FOa  VARIOUS  ZERO  HOOP  STRESS  COMTOURS 


ZERO  HXP 

ZERO  HXP 

ZERO  HXP 

pc-lo** 

ZERO  HXP 

r  ' 

ELLIPSE 

1 

/• 

y/ 

/• 

y. 

y/ 

/« 

X  / 

/* 

y/ 

0 

.XOO 

l.xod 

.oox 

i.oox 

.oox 

I.oox 

0 

?..oox 

.OOX 

I.OOX 

S.OO 

.Ott36 

.9900 

.01*37 

.9981 

.01*67 

.9979 

.0578 

.9975 

.051*1 

.9962 

ID 

.0871 

.992U 

.0873. 

.9921* 

.0932 

.9918 

.1152 

.9699 

.1078 

.96U8 

15 

.1302 

.9628 

.1305 

.9826 

.1393 

.9616 

.1721 

.9773 

.1606 

.9659 

20 

.1728 

.969lt 

.1732 

.9693 

.181*9 

.9672 

.2281 

.9596 

.2122 

.9397 

25 

.2lJli7 

.9520 

.2152 

.9519 

.2297 

.95X 

.2830 

.9369 

.2623 

.9063 

28.75 

.2U56 

.9363 

.21*62 

.9362 

.2617 

.9320 

.3232 

.9165 

.2985 

.8767 

32.50 

.2760 

.9l61i 

.2766 

.9183 

.2931 

.9128 

.3621* 

,8933 

.3331* 

.81*3U 

36.25 

.3057 

.8980 

.3065 

.8978 

.3239 

.8912 

.1*0X 

,8672 

.3669 

.8061* 

ia.25 

.3ltU3 

.8671 

.31*51 

.8668 

.361*8 

.8581* 

.1*1*96 

.8278 

.1*091 

.7518 

li5.00 

.3722 

.8U09 

.3731 

.81*05 

.391*1* 

.8306 

.U81*8 

.791*9 

.1*388 

.7071 

W.75 

.3993 

,8120 

.1*002 

.8116 

.1*230 

.8X1 

.5185 

.7589 

.1*665 

.6591* 

53.75 

.U338 

.7690 

.U3l*8 

.7685 

.1*593 

.751*8 

.5609 

.7X1 

.5001* 

.5913 

57.50 

.li58U 

.7330 

.1*59U 

.7321* 

.U851 

.7170 

.5906 

.6627 

.5231* 

.5373 

61.25 

.U818 

.6935 

.1*828 

.6929 

.5096 

.6758 

.6183 

.6158 

.51*1*0 

.1*810 

65.00 

.5038 

.6501 

.501*8 

.61*91* 

.5325 

.6305 

.61*1*0 

.5652 

.5621* 

.1*226 

70.00 

.5308 

.58U8 

.5319 

.58ia 

«560U 

.5630 

.671*5 

.U913 

.5831 

.31*20 

75.x 

.55U7 

.5087 

.5558 

.5079 

.5850 

.1*81*9 

.7006 

.1*085 

.5991* 

.2588 

75.52 

.5570 

.5ox 

.5581 

.1*992 

.5873 

.1*762 

.7031 

.3991* 

.6X8 

.2501 

x.x 

.5901* 

.31*73* 

.5901* 

.31*73* 

.6055 

.3916 

.7216 

.3136 

.6111 

.1737 

85.x 

.6129* 

.171*3* 

.6129* 

.171*3* 

.6212 

.2707 

.7366 

.1906 

.6102 

.0072 

90.x 

.6205* 

.0000* 

.6205* 

.0000* 

.6299 

0 

.71*39 

.OOX 

_ 

.6205 

.OOX 

>■  winding  angle 
a  -  radius 

*  -  spherical  cap 
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3.1.2  Isotonsold  Concepts 

Another  contour  reviewed  was  that  of  the  osotensold  con¬ 
figuration  developed  by  the  Aerojet  General  Corporation 
(see  reference  3).  Unlike  the  zero  hoop  stress  contour 
this  configuration  includes  the  effects  of  polar  openings. 

With  this  contour  the  individual  glass  filaments  are  loaded 
to  a  constant  stress  level  throughout  the  structure  and 
the  resin  matxdx  is  assumed  to  have  no  strength.  Theoretically 
the  filaments  must  follow  a  geodesic  path.  This  may  pose 
a  sezd-ous  problem  with  current  fabrication  methods  in  that 
most  manufacturers  wind  with  a  polar  wrapping  tedinlque  in 
which  it  is  difficult  to  follcw  a  true  geodesic  path.  Another 
factor  to  be  considered  is  that  with  current  winding  equipment 
identical  contours  and  openings  should  be  used  on  both  ends 
to  yield  comparable  results. 

3.1.3  Deteinninatlon  of  Optimum  Contour 

The  zero  shear  contour  developed  in  this  program  was  evolved 
flrom  a  consideration  of  the  important  parameters  which  affect 
dome  contours.  It  was  irecognized  that  two  of  the  more  impor¬ 
tant  parameters  were  the  wiiriing  angle  and  pattern  and  that 
an  ideal  or  natural  contour  would  be  one  in  which  the  fibers 
are  placed  in  the  direction  of  the  applied  load  and  are  stressed 
in  pure  tension.  A  survey  showed  analytical  methods  for 
establishing  an  optimum  contour  were  very  difficult  and  usually 
based  on  assumptions  which  were  compromised  by  practical  fabri- 
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oatlon  toohnlquoa.  For  thla  roason  the  initial  idiaee  of 
thia  program  waa  doTotod  toward  araluating  the  effecta  of 
▼arloua  paranatera  on  a  natural  contour.  A  unique  method 
waa  dewlaed  in  which  the  winding  angle  and  pattern  la  made 
mutually  compatible  with  the  natural  contour.  This  waa 
acconpllahed  by  an  analog  technique  in  which  reain-free 
glaaa  fiber  a  are  wound  over  an  inflated  rubber  bladdor. 

The  rubber  bladder  la  initially  apherical  in  shape.  This 
configuration  la  then  pressurised  idille  the  glass  is  still 
in  a  relatively  limp  condition.  This  yields  a  natural  con> 
tour  in  which  no  shear,  flexural  strains  or  inflection  points 
are  present.  The  original  spherical  diape  changes  into  a 
font  approximating  that  of  an  oblate  spheroid.  In  thia 
method  the  fibers  are  free  to  deflect  with  minimum  resistance 
since  shear  farces  are  non-existent.  With  controlled  winding 
techniques  the  fibers  are  loaded  unlfozwQy  in  pure  tension 
and  the  pressure  load  is  distributed  evenly  throughout  the 
done  closure.  This  was  accosqpllshed  by  winding  the  first 
layer  of  glass  with  low  tension  azxl  then  pressuring  the 
structure  until  it  was  tensioned  uniformly.  Following 
this,  the  winding  tension  was  Increased  and  additional 
windings  were  placed  over  the  Inflated  bladder.  When 
conpletely  wound  the  internal  pressure  in  the  bladder 
was  increased  further  and  the  contour  change  was  recorded 
at  various  pressures.  A  two  piece  telescoping  shaft  was 
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u8od  Inside  the  bidder  to  permit  Aree  contour  adjustment. 

Figure  3  Illustrates  the  method  used  in  obtaining  the  oraloid 
configuration.  Contour  changes  were  noted  using  a  shadowgrai^ 
technique.  It  was  found  that  the  contour  approached  an  asymptote 
at  a  relatively  low  pressure  (approx.  ?2  to  30  pslg.}.  Inasmuch 
as  the  fibers  are  trtfB  to  adjust  themselves,  the  winding  pattern 
and  contour  are  made  mutually  compatible. 

3.1.U  Winding  Angle  Effects  on  Zero  Shear  Contour 

The  first  step  in  the  determination  of  a  suitable  optimum 
sero  shear  contour  was  the  evaluation  of  winding  angles 
and  pattern  effects.  Initial  studies  showsd  that  in  any 
dons  configuration  the  winding  pattern  and  contour  must  be 
mutually  conpatlble  to  Insure  that  subsequent  deflections 
during  hydrostatic  loading  will  not  effect  the  original 
shape  to  the  point  where  serious  bending  and  Inflection 
points  are  encountered.  Figures  U  and  depict  several 
contours  which  were  obtained  Aron  ovaloid  specimens.  It 
should  be  no^ed  that  the  polar  fitting  opening  requirements 
were  made  compatible  with  the  Polaris  1-2^0  second  stage 
requirements.  The  purpose  of  these  specimens  was  to  detemlns 
the  effect  of  winding  angle  on  the  zero  shear  contour.  In 
figures  U  and  5  the  zero  shear  contours  of  five  specimens 
wound  with  different  winding  angles  are  compared  with  various 
theoretical  zero  hoop  stress  contours.  Each  specimen  was 
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wound  with  the  same  total  amount  of  glass  and  pressurized 
to  the  sane  pressure.  A  comparison  of  the  zero  shear  contours 
obtained  for  the  7  1/2*  and  7  1/2*  +  38*  wound  specijnen  with 
the  theoretical  aero  hoop  stress  contours  ^ows  that  the 
larger  winding  angles  are  more  dominant  in  controlling  the 
actual  shape  of  the  natural  contour.  An  examination  of  the 
knuckle  area  for  the  7  1/2*  wound  contour  shows  it  tends  to 
conform  to  the  low  angle  theoretical  aero  hoop  stress  contour 
while  the  configuration  wound  with  the  same  total  amount  of 
glass,  but  with  the  glass  equally  dlvideu  between  the  7  1/2" 
and  38*  winding  angles,  better  agreement  is  found  with  the 
theoretical  35"  *«ro  hoop  stress  contouri  This  is  illus¬ 
trated  by  the  parallelism  which  exists  between  the  two  curves 
in  the  knuckle  region.  It  should  be  noted  that  the  empirical 
contours  shown  actually  depict  the  external  surface  of  the 
specimens.  In  this  study  phase  of  the  program  it  was  not 
deemed  necessary  to  obtain  the  inside  laminate  contour. 

Results  were  considered  valid  for  comparison  purposes  in  the 
knuckle  area  up  to  50$  of  the  maximum  radius  because  no  signi¬ 
ficant  change  in  laminate  thickness  was  evident.  Figure  5 
shows  three  empirical  contours  for  different  winding  angle 
combinations  plotted  against  the  oheoretical  20"  zero  hoop 
stress  contour.  Only  one  zero  hoop  stress  contour  is  shown 
for  clarity.  It  shews  that  the  a/b  ratio  for  the  natural  zero 
shear  contours  becomes  smaller  with  an  increase  in  winding 
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angla.  This  agrees  with  the  trend  for  the  theoretical  zero 
hoop  stress  contours  and  Is  expected  because  additional 
fiber  hoop  strength  In  the  knuckle  area  would  increase  its 
resistance  to  expand. 

3.1.5  Effect  of  Hultiple  Winding  Angles  and  Girth  Reinforcement 
on  Zero  Shear  Contours _ 

Another  area  which  was  investigated  involved  the  effect  of 

girth  reinforcesMtit  and  coiri>lnations  of  winding  angle  on 

the  zero  rtiear  stress  dome  contours.  Based  on  the  geometry 

of  the  Polaris  second  stage  chamber  two  winding  angles  were 

selected  as  the  most  practical  caaR>inatlon)  namely  7  1/2* 

and  20*.  The  glass  filament  winding  ratio  for  the  7.^  and 

20*  winding  angle  eonbination  was  varied  between  0.33  and 

3.0  which  is  a  9/1  overall  change.  This  ratio  was  lindted 

to  this  range  because  larger  ratios  would  be  inpractlcal  in 

the  fabrication  of  rodcet  chairhers  which  are  stressed  equally 

in  the  hoop  and  longitudinal  directions.  Figure  6  shows  the 

radius  of  curvature  in  the  knuckle  area  Is  amaller  for  the 

lower  winding  ratio.  Figure  7  shows  the  effect  of  a  9/1 

change  in  the  winding  ratio  on  a  zero  shear  stress  contour 

whose  diametral  gxwth  is  restricted  by  a  girth  reinforcement 

at  the  point  of  tangent^.  A  gradual  transition  occurs  in 

the  slope  of  the  curves  in  the  area  near  the  point  of  tangency 

until  the  curves  become  parallel  at  a  point  whose  radius  is 

approximately  90^  of  the  maximum  diameter.  This  indicates 

that  the  glass  fiber  winding  ratio  influences  dome  geometry 
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and  will  effect  deflections  and  bending  stresses  in  the 
knuckle  area.  Similar  tests  with  a  narrow  and  wide  girth 
reinforcement  showed  there  was  a  tendency  for  slight 
bulging  in  the  area  adjacent  to  the  reinforcement, 

3,1.6  Dome  Closure  Model  Tests 

Following  the  study  of  the  important  parameters  affecting 
dome  closure  contours  several  hydrostatic  deflection  tests 
were  performed  on  hardened  ovalold  specimens  to  obtain  data 
concerning  1,  the  influence  of  a  girth  reinforcement  on  the 
deflection  characteristics  of  the  zero  shear  dome  coitour 
and  2.  to  determine  the  deflection  characteristics  of  a 
pax^icular  contour  as  affected  by  the  winding  angle. 

Two  different  dome  contour  configurations  were  tested;  i.e, 
contours  compatible  with  a  7  1/2"  winding  angle  and  with  a 
balanced  winding  angle  combination  of  7  l/2  and  20  degrees. 

A  balanced  winding  angle  combination  is  one  in  which  the 
number  of  glass  filaments . are  equally  divided  between  the 
two  winding  angles.  These  two  winding  configurations  were 
chosen  because  they  best  satisfied  the  X-25o  geometry  re¬ 
quirements.  The  specimens  were  fabz*icated  with  standard 
Owens-Coming  single  end  glass  ECGl50-l/0  with  an  890  finish. 
The  resin  formulation  used  consisted  of  Dow  332  resin  and 
Sonite  Ul  catalyst.  The  cure  cycle  was  six  hours  at  200" F, 
followed  by  four  hours  at  250*F. 
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3.1.6.1  Dome  Closure  Deflection  Tests  with  the  7  1/2*  +20* 

Oralold  Configuration 

Deflection  Masurements  were  taken  at  100  psl  incre¬ 
ments  until  rupture  occurred.  Figure  8  Illustrates 
a  typical  teat  set  up.  Figures  9  and  10  show  the 
results  obtained  on  specimens  KB-9  and  KB-10  which 
were  wound  to  determine  the  effect  of  girth  rein- 
forosment  on  the  deflection  characteristics.  Both 
specimens  were  wound  over  an  air  inflated  bladder 
and  cured  while  in  the  pressurized  condition. 

Specimen  KB-9  was  unreinforced  in  the  girth  direction 
and  zniptured  in  what  appears  to  be  a  typical  hoop 
failure  at  92$  peig.  Meridional  and  hoop  stresses 
at  failure  were  78000  psi  and  6900  psi,  respectively. 
Figure  8  shows  the  failure  obtained  on  specimen  KB-9. 
Based  on  membrane  theory  the  20"  windings  were  loaded 
to  U.Uli  lbs.  per  end  at  failure  while  the  7  1/2*  windings 
were  only  loaded  to  2. $6  lbs.  per  end.  The  calculations 
are  shown  in  Appendix  I.  Although  the  failure  occurred 
at  a  relatively  low  hoop  stress  this  value  is  considered 
reasonable  because  the  hoop  forces  which  were  Imposed 
upon  the  laminate  as  the  ovaloid  deflected  were  re¬ 
sisted  mainly  by  shear  in  the  resin  matrix.  Specimen 
KB-10  was  reinforced  in  the  girth  direction  at  the 
equator  with  a  layer  of  circumferential  windings  2 
inches  wide  and  approximately  3/16  inches  thick. 
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This  ^)pro(SlKtsd  ths  setttsl  folsrls  doM  oonflgnr- 
atioa  In  that  tbs  nasopportsd  doM  hsight  was  pro¬ 
portional  to  that  In  tha  X-25b  chanhor.  Spodinn 
KB-10  fallad  at  a  pi«saara  of  1075  pslg  whan  tho 
polar  fitting  blav  off  In  ahaar.  Marldlonal  straaaas 
at  ths  aqnator  vara  86,600  pal  at  tho  tlae  of  falluro. 

A  ooagMurlaon  of  tost  rasnlta  batwaan  apaelaans  KB-9 
and  KB-10  (sae  flgwaa  9  and  10)  ahoaat 
!•  Tho  narainfcroad  spaelnon  (KB-9)  deflaetod  In 
a  positlva  ontvard  dlroetlon  at  tho  aquator  and 
In  a  nagatlva  loaard  dlroetlon  at  tha  polar  fit¬ 
ting.  Tho  Infloetlon  point  oeonrrod  at  a  point 
oorroapoodlng  to  of  tho  mudmm  dlMotar. 

2.  Dofloetions  at  tho  oqnator  and  polar  fitting 

ara  anallar  with  tho  girth  rolnforood  oonfignratlon. 

3.  With  tho  axeaptlon  of  tho  polar  fitting,  tho  girth 
ralaforeod  apoolaan  daflootod  in  a  poeltlwa  dirao- 
tlon. 

U.  Doflootlon  oharaetariatloa  aro  algnifloantly 
dlfforant  botwoon  tho  two  apoolwans.  Baaod  on 
doflootlon  tondonoioa  bonding  is  ewldont  oloaer 
to  tho  aajor  axis  for  tbo  rolnforood  spocimsn. 
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3«1«6.2  Done  Closure  Deflection  Tests  with  the  7  1/2”  Oralold 
Configuration 

Two  hydrostatic  deflection  tests  were  perforeed  on 
speclmsns  KB-15  and  KB-16  which  were  wound  with  a 
7  1/2*  winding  angle  and  girth  reinforoment.  The 
purpose  of  these  tests  was  to  establish  deflection 
tendencies  with  this  winding  angle  and  to  deteradne 
the  effect  of  winding  over  an  air  Inflated  bladder. 
The  feasibility  of  winding  thin  walled  dcae  contours 
was  also  checked  as  a  prelude  to  the  design  and  test 
of  the  1/h  scale  model  rocket  chamber.  Both  sped- 
mans  vere  wound  with  less  glass  than  the  previous 
specimens  to  simulate  the  expected  dome  thickness  on 
the  1/U  scale  model  case  which  was  assumed  to  be 
approximately  0.01^  Inches. 


S]}ecimen  Kfi-1^  was  wound  over  a  plaster  mandrel  with 
special  polar  fittings  which  conformed  to  the  established 
7  1/2*  aero  shear  contour  while  specimen  KB-16  was 
wound  over  an  air  Inflated  bladder.  Both  specimens 
were  instrumented  with  a  single  bending  gage  placed 
in  the  meridional  direction  in  the  knuckle  area  close 
to  Juncture  between  the  dome  and  girth  reinforcement. 
Figure  11  illustrates  specimen  KB-15.  Deflection 
measurements  were  recorded  at  100  pslg  increments 
until  rupture  occurred.  Specimen  KB-15  failed  at 
a  pressure  of  700  psig  at  a  point  in  the  knuckle 
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area  corresponding  to  a  6,U  inch  radius.  This 
yields  an  aTerage  meridional  wall  stress  in  the 
dome  at  the  point  of  failure  of  107f300  pal  with 
a  glass  loading  of  li.32  lbs.  per  end.  At  the 
equator,  meridional  wall  stresses  were  calculated 
to  be  17li,000  psl.  Sample  calculations  for  this 
specliien  are  found  in  Appendix  11.  A  jdiotograph 
of  this  failure  Is  shown  in  figure  12. 

Specimen  KB-16  failed  in  a  similar  manner  at  a 
pressure  of  800  psig.  Meridional  wall  stresses 
at  the  point  of  ruptu2*e  and  equator  were  respectively, 
112,600  pal  and  199,000  pal,  yielding  a  glass  loading 
of  U.81  lbs.  per  end. 

Figures  13  and  lU  show  the  hydrostatic  deflection 
test  results  obtained  on  specimens  KB-15  and  KB-16. 

A  noticeable  difference  exists  between  the  deflections 
obtained  with  the  specimen  wouxxl  over  an  air  inflated 
bladdsr  (KB-16)  and  the  one  wound  over  a  rigid  plaster 
mandrel.  Deflections  were  greater  on  specimen  KB-16 
especially  in  the  area  of  the  polar  fitting  and  knuckle 
area.  The  reasons  for  this  difference  arc  attirlbuted 
to  the  following  factors: 

1.  A  difference  between  the  polar  fitting  contours. 

In  KB-^l6  standard  spud  and  liner  assemblies  were 
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used  in  the  air  inflated  bladder.  In  KB>l5 
special  fittings  were  used  which  matcdied  exactly 
with  the  aero  shear  contour. 

2.  A  difference  between  the  polar  fitting  flange 
diameters.  The  flange  dianster  on  specimen  KB-15 
was  li"  compared  to  3"  oi.  specimen  ICB-16, 

3.  A  difference  in  filament  orientation  over  the 
dome  contour.  Inasmuch  as  specimen  KB-16  was 
wound  over  an  Inflated  bladder  some  reorientation 
of  the  filaments  took  place  while  in  specimen 
KB-15  this  was  not  possible. 

3.1«6.3«  Strain  Gage  Results 

Hsrldlonal  tensile  and  bending  strains  were  measured 
near  the  girth  build  up  with  type  C9-F20  Flexagages. 
Results  are  shown  in  Table  2.  Very  small  positiwe 
bending  strains  were  msasured  indicating  deflections 
at  this  point  were  uniform  with  very  little  change 
in  curvatiu*e.  Since  both  specimens  failed  at  points 
appreximately  1.^"  away  fl’om  the  gage  position  it 
becomes  evident  that  if  banding  effects  were  the 
cause  of  these  failures,  they  are  very  local  and 
difficult  to  detect.  Bending  is  manifested  by  a 
change  in  the  radius  of  curvature  and  are  not 
read:..ly  detected  from  the  deflection  curves.  In 
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spaeliaen  KB-16  bending  strains  actually  dlndnltdi 
with  Increased  pressure  until  at  maximum  pressure 
no  bending  strain  was  detected.  This  shows  that  a 
shape  change  had  taken  place  and  If  bending  was 
atm  present  It  had  gradually  shifted  to  another 
point  during  pressurization.  Appendix  III  presents 
equations  for  calculating  bending  strains. 

3.1.6.U  CoBiparlson  With  Pull  Scale  Rocket  Chamber  Deflections 
Table  3  end  U  is  a  qualitative  comparison  between 
oTalold  deflection  tbst  results  and  those  obtained  on 
full  scale  X-2$0  chambers.  Table  3  presents  scaled 
deflections  obtained  on  ovalold  specimens  KB>15 
and  KB.16  which  correspond  to  similar  locations 
on  full  scale  X-250  cases  for  tdileh  hydrostatic 
deflection  data  Is  available.  Table  U  contains  a 
susmary  of  deflection  data  for  a  number  of  X-250  cases 
which  were  tested  between  December  17)  I960  and  June 
17)  1961.  Ovalold  deflections  are  shown  for  an 
Internal  pressure  of  300  psig  because  this  corresponds 
to  a  7U)700  psl  meridional  wall  stress  which  is  close 
to  the  value  being  at^'ained  in  the  full  scale  chambers 
An  examination  shows  that  although  equivalent  ovaloid 
deflections  at  300  psig  are  in  general  smaller  than 
those  obtained  on  full  scale  X-250  cases  at  piraof 
pressure,  no  definite  conclusions  can  be  made.  This 
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is  due  tot 

1.  The  wide  range  of  deflections  encountered  on 
fhll  scale  cases  and 

2.  Differences  in  the  geometry  and  construction 
between  the  ovalold  specimens  and  full  scale 
chambers. 

It  should  be  noted  that  smaller  deflections  are 
encountered  on  the  aft  end  of  the  full  scale  chambers. 
This  is  to  be  expected  because  of  the  large  metal 
dish  which  tends  to  limit  axial  growth. 

3,1,7  Zero  Shear  Contour  Determination 

The  first  step  in  the  determination  of  a  suitable  zero  shear 
contour  for  the  X-250  motor  case  was  the  selection  of  a  wind¬ 
ing  angle  and  pattern  which  was  conq^atlble  with  the  Polaris 
second  stage  design  requirements.  Detailed  fabirlcation  infor¬ 
mation  on  fhll-scale  models  was  unavailable  and  it  appeared 
that  various  vendors  were  utilizing  diffex*ent  winding  techniques. 
Two  winding  angles,  7  l/2*  and  20*,  were  considered  but  it  was 
finally  decided  to  use  a  single  winding  angle  of  7  l/2*  for  the 
scale  model  rocket  case.  A  sequential  winding  pattern  consisting 
of  161  flier  turns  per  mandrel  revolution  was  selected  because 
it  produced  a  minimum  number  of  cross-over  points,  minimized 
slippage  problems  and  appeared  most  compatible  with  geodesic 
requirements. 
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The  analog  technique  discussed  previously  was  used  to 
establish  the  aero  shear  contour.  Fitting  diameters  were 
chosen  to  simulate  the  Polaris  second  stage  aft  end  closure. 

The  actual  contour  requirement  for  the  inside  of  the  laminate 
was  obtained  by  carefully  cutting  the  ovalold  spedmen  into 
two  halves.  The  contour  was  then  carefully  traced  and  measured 
to  establish  accurate  coordinates.  The  coordinates  were  based 
on  average  readings  obtained  from  the  four  quadrants.  Figure 
15  presents  the  zero  shear  contour  for  the  7  l/2*  winding  angle. 
A  comparison  of  the  derived  zero  shear  contour  coordinates  w 1th 
the  theoretical  Ideal  Qeodesic  Contour  is  shown  in  Table 
Very  good  agreement  is  evident.  This  substantiates  the  use  of 
this  experimental  approach.  The  small  deviations  can  be 
attributed  to  minor  variations  in  taking  measurements  and  to 
other  process  variables.  Figure  l6  is  a  comparison  of  the 
A-2  forward  and  aft  dome  contours  with  the  zero  shear  and  small 
angle  aero  hoop  contour. 

3.1.8  Suamary  axzi  Conclusions  For  Phase  I 

Many  important  conclusions  were  derived  frou  this  first  phase 
of  the  program  and  a  significant  Insist  was  made  into  the 
parameters  affecting  the  shape  of  optimum  dome  contours.  The 
direct  result  of  this  phase  was  the  establishment  of  a  zero 
shear  contour. 
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The  foUoirliig  speelflo  eonoluelone  were  derlred  tram  reeolts 

and  obeemtlona  mde  in  thle  phase  of  the  progrsB. 

1.  A  different  contour  Is  required  for  each  winding  pattern 
and  design  configuration. 

2.  The  analog  technique  for  the  daterslnation  of  the  sero 
shear  contour  yielded  results  wMLdi  agreed  with  theoretical 
calculations  (sero  Shear  contour  was  praetioallj  identical 
to  the  Ideal  Qeodaslc  Contour). 

3.  A  sequential  winding  pattern  is  preferred  for  use  with  the 
sero  shear  contonr  because  it  best  confoms  to  the  geodesic 
requlranents  gnd  paroduoes  a  nlniann  nunber  of  cross- oser 
points. 

U.  The  forward  and  aft  polar  ports  should  require  identical 
openings  to  insure  conpatibllity  between  the  contour  and 
winding  pattern  on  both  end  closures. 
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TABLE  5 

COI^ARISOW  OF  GEODESIC  AND  ZERO  SHEAR  C  (UTOUil  COORDINATES 
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3.2.0  Phase  II  -  Rocket  Chamber  Seale  Model  Deeign  and  Study 

3.2.1  Design  of  l/h  Seale  Model 

The  first  step  in  the  design  of  the  I/I4  scale  model  of 
the  Polaris  second  stage  chamber  consisted  of  a  dimensional 
ahalysls  to  obtain  the  necessary  governing  similarity 
relationships.  Res  ilts  of  this  study  shewed  that  Ideally 
both  geometric  and  loading  similarity  must  be  maintained 
between  the  model  and  full  scale  chambers.  Similarity 
relationships  were  derived  for  the  following  two  assumptions: 

1.  The  fiberglass  structure  Is  such  that  the  internal 
pressure  results  in  glass  fiber  tension  orily. 

2.  'i'he  fiberglass  structure  is  such  that  shear  and 
bending  stresses  as  well  as  direct  stresses  are 
Introduced  when  the  chamber  Is  pressurized. 

In  the  case  of  a  rocket  chamber  each  of  the  above  assumptions 
result  In  somewhat  different  similitude  requirements.  Results 
are  shown  belcw: 

Case  1.  Glass  Fibers  In  Tension  Only 

a.  Stresa  Requirement 

S/P  - 

b.  Defloction  Requirement 
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Case  2. 


aiaee  Laalnate  Raaiate  5hear«  Banding  and  Direct  Streea 


a .  Stresa  Reqclramant 

S/P  -  I 

b.  Deflection  Requirement 

<f/d2  ■  F 


r*  0  1  t  I 

1,1 


where  £ 
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Streea,  (pei) 

deflection  (inchee) 

internal  preerare  (peig) 

polar  fitting  diameter,  (inchee) 

cylinder  diameter,  (inchee) 

wall  thickneea 

Elartic  Modulua  (pei) 

Shear  modulue  (pei) 
length  of  cylinder  (inchee) 
"Function  of" 


Although  the  similitude  requirement e  are  different  for  the 
two  baeic  aeeumptiona,  they  do  not  contradict  each  other. 
Reeulta  show  that  if  geometric  and  loading  elmilaritiea 
are  maintained,  the  following  relationahipa  exist  between 
the  scale  model  and  prototype: 
a)  Shi  "  ^ 

where  £  •  etreae  (pal) 

•  strain  (ip/in) 
m  ■  eub script  denoting  model 
p  ■  subscript  denoting  full  scale  prototype 
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Qaometric  Blmilarity  Is  easily  obtained  by  making  the 
specimen  a  true  scale  model  of  the  prototype  vlth  all 
linear  dimensions  reduced  by  the  same  scale  factor. 
Loading  similarity  Is  maintained  by  using  the  same 
material  and  by  testing  the  model  at  the  same  pressure 
as  la  required  for  the  full  scale  chamber.  Since  both 
stresses  and  strains  are  simulated  In  the  model  the 
mode  of  failure  should  be  duplicated.  Test  results 
have  substantiated  this  premise.  It  should  be  noted 
that  some  differences  did  exist  in  the  model  because 
of  th'3  omission  of  the  noz>>polar  ports,  and  reinforce¬ 
ments. 

The  1/h  scale  polar  ported  chamber  designed  for  test 
evaluation  is  shown  in  Figure  17  (Drawing  EK-13149U3). 
All  linear  dimensions  were  obtained  by  taking  l/h  of 
the  values  shown  on  ABL  drawing  No.  250-2100  for  the 
X-250  chamber.  In  those  Instances  where  dimensions 
were  not  given,  their  values  vere  scaled.  Based  on 
polar  port  geometry  a  longitudinal  winding  angle  of 
7  1/2'’  was  chosen.  The  forward  and  aft  dome  closure 
contours  were  designed  to  conform  with  the  zero-shear 
contour  developed  in  the  first  phase  of  this  program. 
The  stiffness  of  the  aluminum  skirt  and  reinforcement 
was  simulated  on  the  model  by  means  of  additional  cir- 
cumferei.tisl  windings  over  a  ijortion  of  the  dome  at  the 
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point  of  tangeney.  (See  Appendix  IV).  The  Ecale  model 
dlmenaiona  for  the  aiclrt  reinforcement  windinga  were  made 
compatible  with  the  zero  shear  contour.  Special  adapters 
were  used  to  provide  a  square  shoulder.  Design  equations 
relating  fiber  forces,  winding  angles  and  number  of  ends 
for  the  cylindrical  portion  of  a  fiberglass  container  are 
presented  in  Appendix  V.  Equations  are  included  for  the 
special  case  where  two  or  more  angles  are  used.  An  equation 
relating  winding  angles  and  number  of  ends  for  a  balanced 
design,  i.e.,  equal  fiber  stress,  is  also  given. 

The  actual  design  of  the  X-250  second  stage  Polaris  case 
is  given  in  Appendix  VI.  The  number  of  turns  (ends) of 
7  V2®  and  90“  windings  are  given  for  a  l/h  scale  model 
as  well  as  for  the  full  size  rocket  case.  The  chamber 
was  designed  for  equal  strength  in  both  the  hoop  and 
longitudinal  directions  to  demonstrate  the  contour's 
greater  efficiency  and  because  available  data  indicated 
definite  design  requirements  were  not  established.  Since 
equal  stress  in  both  layers  of  windings  produces  equal 
strains  in  all  directions  it  seemed  reasonable  to  expect 
greater  overall  strength  if  uniform  fiber  loading  were 
achieved.  The  chamber  was  designed  to  withstand  a  proof 
pressure  of  bSO  psig  at  a  glass  loading  of  1.8  lbs.  per 
end.  This  basically  agrees  with  results  currently  being 
obtained  on  the  X-2  50  motor  cases. 
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3»2«2  ibeciwon  ftibriootloD 

The  Epooimene  vere  wound!  with  a  polar  type  wrapping  machine 
using  a  Oarro-tru  (Carro  DePaeeo  Carp,  low  melting  to^>eratare 
alloy)  mandrel.  The  reain  formulation  eonaieted  of  100 
parts  by  weight  of  Spon  620  resin  and  22  parts  by  weight 
of  Eonite  Ul  catalyst.  Obre  tomperaturea  wore  6  hours  at 
210°F.  The  oerro>tru  mandrel  waa  cast  in  three  aectiona, 
i.e.,  cylindrical  center  section,  and  forward  and  aft 
doaM  sections.  The  three  aections  were  aaaeobled  and 
held  in  place  by  means  of  a  ehaft.  The  tapered  outside 
diameter  was  then  machined  and  a  rubber  liner  was  fitted 
over  the  asaambly.  Two  end  fitting  aasomblies  ware  then 
cemented  to  the  rubber  liner  using  Bostik  1007  primer  end 
1008  sdheaive.  The  end  fittings  eontsinsd  rubber  molded 
flanges  to  prevent  leakage  problems  (see  drawings  a-13li968 
and  ac-13b969).  Prior  to  winding  the  case  an  air  leak  test 
waa  perfomed.  To  prevent  bulging  of  the  rubber  liner  a 
partial  vacuum  was  created  inside  the  mandrel  assembly. 

The  longitudinal  windings  were  first  applied  using  a 
eequential  winding  pattern.  A  total  of  675  flier 
revolutions  were  made  using  10  ends  in  the  roving. 

Single  end  glass  filaments  of  SCO150-1/0  690  were 
used.  The  applied  tension  was  0.1;  Ibe,  per  end  for 
the  longitudinals  and  0.7  lbs.  per  end  for  the  hoop 
windlnge.  The  hoop  windlnge  consisted  of  62?  ends  per 
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Inch  of  length  over  the  cylindrical  eectton.  The  girth 
reinforcement  for  simulating  the  skirt  was  applied  using 
a  fixture  which  provided  a  shoulder  and  prevented  the 
windings  from  slipping  over  the  dome.  The  total  empty 
weight  of  the  chamber  waa  li.Sli  pounds.  The  liner  and 
fittings  weighed  3.08  lb.  Initial  chamber  volume  wee 
202I4  In^. 

3.2.3  Instrumentation  &  Test  ftroceduree 

A  total  of  13  strain  gages  ware  mounted  on  each  chamber 
as  shown  In  Figure  18.  Nine  gages  were  mounted  on  the 
aft  dome.  Four  of  those  gages  were  Flexagages  (manu¬ 
factured  by  the  Budd  Co.)  which  were  used  to  determine 
bending  strains  In  the  dome  contour.  The  remaining  gages 
were  of  the  post  yield  typo  PA-3  manufactured  by  the 
Baldwin- Llma-Hamllton  Co.  Elngle  gages  were  mounted 
on  the  cylinder  nidsection  in  the  hoop  and  longitudinal 
directions. 

Twenty-three  dial  indicators  were  mounted  as  shown  In 
Figure  19.  Both  forward  and  aft  dome  closure  deflections 
were  measured.  Cylinder  radial  expansion  was  measured 
at  the  mid  section  and  at  both  ends  near  the  point  of 
tangency.  With  the  exception  of  the  indicators  measuring 
cylinder  tprowth  and  tilt,  all  indicators  were  mounted  in 
one  plane. 
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In  tart  QP-1  a  tranedueer  wae  ured  to  record  internal 
praaeurae  on  the  output  aide  of  the  ohaabar  and  a 
Bourdon  gaga  vaa  uaad  to  indicate  praaeure  on  the 
input  aide.  The  fomer  me  continuoualy  reoordad 
on  an  oecillograph  along  with  the  atrain  gagaa.  The 
dial  indicator  and  Bourdon  gaga  raadinga  ware  continF* 
uoualy  recorded  by  a  movie  camera,  k  timer  and  timing 
trace  vaa  need  to  aynohroniaa  all  of  the  raadinga. 

Teat  apacimen  QP-3  waa  aimilarly  taated  except  that 
two  tranaduoars  ware  uaad  to  provide  oaeillograph 
trace  racorda  of  praaeure  on  both  end a  of  the  caea. 

A  achamatio  diagram  of  the  teat  aat-up  for  apeoimen 
QP-3  ia  ahown  in  Figure  20.  Figuraa  21  and  22  are 
photographa  of  a  typical  teat  aet  up  and  atrain  gage 
inetrumantation.  The  following  are  the  teat  prooaduraa 
followed! 

1.  The  praaeure  tranaducera  and  atrain  gage  circuitry 
vaa  oalibratad. 

2.  Dial  indicator  and  atrain  gage  aero  raadinga  ware 
recorded  before  and  after  filling  the  chamber  with 
water. 

3.  Internal  chamber  praaeure  vae  Increseed  to  UO  paig  and 
then  reduced  to  aero  to  check  inatrumentation.  All 
raadinga  were  recorded. 
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FIGURE  21 


HYDROSTATIC  PRESSURE  TEST  SET  UP 


KlGIJliE  22 

STRAIN  GAGE  INSTRUMENTATION 
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U«  The  case  v»b  preseurlsad  to  1^50  pelg  at  a  rate  of 
150  pal/per  min.  Pfeaaure,  strain,  time  and  de¬ 
flect  lone  vere  recorded  continuously. 

5.  Chamber  pressure  was  held  at  pelg  for  one 
minute.  Intermittent  readings  of  all  data  was 
recorded. 

6.  The  Internal  pressure  was  reduced  to  approximately 
90  pslg  while  results  were  recorded. 

7.  The  pressure  was  reduced  to  sero  and  all  readings 
ware  recorded. 

3.2.U  l/U  Scale  Model  Test  Results 

The  purpose  of  these  teste  was  to  determine  the  de¬ 
flection  characteristics  of  the  zero  shear  contour 
and  establish  whether  bending  and  points  of  Inflection 
are  minimized  with  this  dome  configuration.  Other 
objectives  Included  the  determination  of  slclrt  reli>- 
forcing  effects. 

Three  hydrostatic  pressure  tests  were  performed  on  two 
l/li  scale  model  rocket  chambert,  QP-1  and  QP-3.  Specimen 
QP-1  was  first  proof  tested  and  then  burst  while  specimen 
QP-3  was  proof  tested  twice  to  check  the  repeatability  of 
the  test  data.  Both  epecitnens  were  fabricated  in  identical 
fashion.  The  only  difference  between  the  two  specimens 
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wae  the  manner  in  which  they  were  mounted  In  the  test 
fixture.  In  the  first  specimen  QP-1,  the  chamber  was 
placed  in  a  wertical  position  with  the  aft  end  up  and 
was  supported  upon  a  segnented  rini?  by  the  shoulder 
provided  by  the  girth  reinfcr cement  on  the  forward 
dOM.  ^Mcimen  QI^3  was  supported  in  a  vertioal  position 
by  means  of  aluminiw  tabs  which  were  cemented  to  the 
cylindrical  section  Just  at  the  point  of  tangency. 
Specimens  QP-1  was  ifurassuriaed  to  a  proof  pressure 
of  390  psig  at  a  rate  of  150  psig  per  minute.  Then 
the  pressure  was  reduced  to  50  psig  to  permit  removal 
of  several  dial  indicators  which  would  be  damaged 
during  the  subsequent  burst  test.  The  case  was  then 
repreasuriied  at  approximately  U2  psig  per  second  until 
burst  occurred  at  590  psig.  This  corresponds  to  a  strain 
rate  of  0.2%.  The  failure  occurred  at  the  dome  skirt 
reinforcement  Juncture  and  extended  about  220°  around 
the  dome  perimeter.  This  duplicated  results  obtained 
with  recent  full  scale  chambers.  A  photograph  of  this 
rupture  pattern  is  shown  in  Figure  23.  Calculations  show 
the  composite  hoop  wall  stress  in  the  cylinder  (based  on 
total  wall  thickness)  was  127,000  psi  at  failure  yielding 
a  hoop  and  longitudinal  glass  loading  of  6.3  Ibs/end  and 
6.2  Ib/end,  respectively.  The  strength  to  density  ratio 
was  calculated  at  1.68  x  10^.  This  chamber  tilted  to 
one  side  due  to  some  mounting  difficulties. 
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war*  raeponaibl*  for  this  condition.  Additional  olaaranoa 
aaa  requirad  bataaen  tha  taat  rig  and  tha  forward  dom, 
and  ona  of  tha  dial  IndioatorB  maaeuring  cylinder  radial 
growth  waa  Jaanad  during  inetallation. 

S|paoiBan  QP-3  wac  not  burat  taatad  but  waa  praaauriaad 
twloa  to  a  proof  praaaura  of  li50  paig  which  correaponda 
to  a  glaaa  loading  of  U.8  Iba/and  with  a  coapoaita  wall 
atraaa  in  hoop  of  97*200  pai  and  a  naridional  atraaa  of 
150,800  pai.  Tha  repeat  taat  vaa  parforaed  to  aubatantiata 
prarioua  taat  data  and  to  cheek  whathar  daflactione  vara 
influanead  in  a  different  namar  on  the  aacond  praaauri cation 
eyela.  Thia  ainulatea  actual  ueaga. 

Flgoraa  2U  through  28  are  vrapha  depicting  the  mnnar  in 
which  tha  forward  and  aft  done  cloaura  contoura  dafomad 
during  pmaaurisation.  Deflected  contoura  arc  plotted 
for  warioua  praaauree.  Saaulta  ahow  tha  naxiaian  forward 
(.237  inchea)  and  aft  (.193  inchaa)  doaia  daflaotiona 
occurred  at  tha  polar  fittinga  and  dininiahad  aa  tha 
akirt  ia  approached.  An  exanination  of  the  deflection 
curraa  ahowe  bending-ahear  loada  are  preaent  at  the  girth 
build-up.  Table a  6  and  7  preaent  a  aunmary  of  the  de¬ 
flection  data  obtained  on  apeclmen  QP-3.  Forward  dome 
daflectiona  are  larger  than  tha  aft  doaie  deflectione  in 
the  area  of  the  polar  fitting  but  tend  to  agree  aa  tha 
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wero  rosponaible  for  thla  condition.  Additional  clearance 
vaa  required  betveen  the  teat  rig  and  the  forward  doma, 
and  one  of  tha  dial  indicator a  meaeuring  cylinder  radial 
growth  waa  JaaaMd  during  inetallatlon. 

^Moinon  QP-3  vaa  not  burat  teated  but  waa  preaauriied 
twice  to  a  proof  preaaure  of  hSO  paig  which  correaponda 
to  a  glaaa  loading  of  U.8  Iba/end  with  a  coaipoeite  wall 
atreaa  in  hoop  of  97«200  pal  and  a  naridional  atreaa  of 
150,800  pal.  The  repeat  teat  waa  perfonaed  to  aubatantiate 
prefTioua  teat  data  and  to  chock  whether  deflect!  one  were 
Influenoed  in  a  different  manner  on  the  aecond  preaauriaation 
cycle.  Thia  eimulatea  actual  uaage. 

Figuroa  2li  through  28  are  grapha  depicting  the  manner  in 
which  the  forward  and  aft  done  cloaure  contoura  deformed 
during  preaauriaation.  Deflected  contoure  are  plotted 
for  varioua  preaaxiree.  Reaulta  ahow  the  maximum  forward 
(.237  inchea)  and  aft  (.193  inchea)  dome  deflectiona 
occurred  at  the  polar  fittlnga  and  dininiahed  aa  the 
Bkirt  ia  approached.  An  examination  of  the  deflection 
currea  ahowe  bending-ahear  loada  are  preaent  at  the  girth 
build-up.  Tablea  6  and  7  preaent  a  aummary  of  the  de¬ 
flection  data  obtained  on  apecimen  QP-3.  Forward  dome 
deflectiona  are  larger  than  the  aft  doaie  deflectiona  in 
the  area  of  the  polar  fitting  but  tend  to  agree  aa  the 
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FIGURE  25 
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TABLE  6 

Aft  borne  Deflections  on  SpecimeiTQl^-^ 
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knuckle  area  la  approached.  Thla  la  attributed  to  the 
difference  In  the  alae  of  the  polar  opening  and  flange 
dlaeeter  batmen  the  forward  and  aft  enda  and  Indlcatea 
both  contoura  ahould  not  be  Identically  ahaped  unleaa 
Identical  flttlnga  are  uaed  on  both  enda. 

In  addition  a  algnlflcant  portion  of  the  total  deflection 
In  the  area  of  the  polar  flttlnga  occura  during  Initial 
preaaurlsatlon  to  the  100  palg  level.  1  conparlaon  of 
thla  phenomena  between  the  forward  and  aft  cloaurea  ahowa 
thla  low  atreaa  reorientation  la  grMter  on  the  foxward 
doM  at  the  polar  fitting.  Thla  aubatantlatea  the  con- 
clualon  that  both  contoura  nuat  not  be  alike  unleaa 
Identical  flttlnga  are  uaed. 

With  the  exception  of  the  aft  polar  fitting  deflection, 
good  correlation  wae  achieved  between  the  two  teat a  on 
apeclmen  QP-3* 

Table  b  la  a  aummary  of  the  cylinder  deflectiona  on 
apeclmen  QP-3.  Although  very  good  agreement  la  ahown 
between  the  two  teata  it  ahould  be  noted  that  the  cylinder 
radial  growth,  aa  meaaured  on  oppoalte  aldea  of  the 
chamber  at  the  forward  and  aft  enda  are  not  Identical. 
Theae  may  be  due  to  one  of  the  following  reaaona: 
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1.  Out  of  roundnees  In  the  cylinder. 

2.  Local  differences  in  filanent  density  and  irregularities 
because  n<eaBurement8  were  made  near  the  girth  reinforce¬ 
ment. 

3.  Some  misplacement  between  the  gages  In  the  axial  direction 
of  the  cylinder.  At  the  girth  reinforcement  aixl  point  of 
tangency  accurate  alignment  Is  necessary  because  of  the 
large  change  In  laminate  stiffness  encountered  In  pro¬ 
gressing  ftrom  the  girth  reinforcement  to  the  cylindrical 
section. 

It  Is  felt  that  the  last  reason  Is  probably  the  cause  of 
this  phenomena.  Table  9  presents  chamber  deflections 
obtained  In  the  diametral  and  longitudinal  directions  on 
Specimen  QP-3.  Very  good  agreement  was  achlered  between 
the  two  teste  with  the  maximum  diametral  and  longitudinal 
growth  being  0.266  Inches  and  0.2[t6  inches,  respectlrely. 

Of  interest  was  the  fact -that  measurements  taken  before 
and  after  the  first  test  indicated  a  permanent  set  at  the 
cylinder  mid-section  of  +.025  inches,  however  no  permanent 
set  occurred  following  the  second  presEuriiiation  at  either 
the  mid-cylinder  or  girth  reinforcement  locations.  No 
definite  permanent  set  was  detected  in  the  axial  direction. 
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TABLE  9 


CCBfPARISON  OP  QP-3  CHAMBER  DEFLFXJTIONS 


Chamber  Diametral 
Growth  at 
■Id  cylinder.  Inches 

Chairber  Longitudinal 
Growth 

Inches 

Pressure 

peig 

^est  No 

Tesi  llo 

1 

2 

1 

2 

100 

.05I4 

.065 

200 

.m 

.112 

300 

.179 

.173 

350 

.221 

.207 

.190 

.195 

Uoo 

.239 

.22h 

U5o 

.286 

.27U 
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Flgurea  29  and  30  ara  grapha  of  tbo  forward  and  aft  doM 
cloBuro  deflactlona  for  the  ▼arioua  dial  Indicator  atatlona. 

The  grapha  are  plotted  In  noiwiiaenaional  fora  (where  To  <■  6.7} 
and  show  that  following  an  Initial  ahape  change  the  de- 
flectlona  vary  linearly  with  preaaora. 

3.2.5  Strain  OSJBL  Reaulta 

Aft  done  cloaure  atraln  gage  reaulta  froa  ^peclnena  QP-1 
and  QI^3  are  ahown  In  Tablea  10  and  11.  Tenolle  strain 
aeaeuremanta  vary  essentially  linearly  with  pressure. 

Good  agreement  Is  evident  between  the  various  gages. 

Indicating  that  tensile  strains  were  fairly  uniform 
throughout  the  done  structure.  Bending  strains  were 
very  aaaill.  In  most  cases  being  less  than  1%  of  the 
surface  tensile  atraln  recorded  (see  Test  0^3). 

Negative  bending  strains  were  recorded  by  the  merldlonjil 
gages  in  both  tests.  In  QP-1,  two  other  bending  gages 
(Flexagages)  reflected  some  negative  bending^ however 
these  values  were  probably  Influenced  by  the  mounting 
difficulties  encountered  In  this  test. 

The  relatively  small  bending  straina  measured  indicates 
bending  is  probably  not  a  problem  In  the  done  area  of  a 
polar  ported  dome  closure.  It  should  be  noted  that 
bending  is  probably  present  at  the  point  of  discontinuity 
adjacent  to  the  girth  reinforcement  bulld-up  but  could 
not  be  detected  with  strain  gages. 
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TEST  SPECIMEN  QP-3 

1/4  SCALE  MODEL  SECOND  STAGE  POLARIS  CASE  (NON- 
AFT  DOME  CLOSURE  STRAIN  GAGE  RESULTS 
TABLE  II 
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3.2.6.  Rmplrlcal  Rquation  For  Dome  doeure  Deflectione 

An  omplrical  equation  waa  developed  governing  the  deflection 
characteristice  obtained  on  the  polar  ported  lA  acale  model 
chamber.  With  thia  aquation  done  deflectiona  can  be  cal¬ 
culated  for  polar  parted  chanbera  of  varioua  aiaea  aa  long 
aa  aoale  factors  are  not  violated.  With  additional  teats 
the  effect  of  port  eiae  and  skirt  reinforcement  could  quite 
possibly  be  included.  The  effect  of  -he  difference  in  port 
siae  between  the  forward  and  aft  domes  was  not  included  in 
thia  study  because  of  the  scatter  in  data  obtained  for  the 
low  pressures  and  in  the  area  near  the  done-cylinder  Juncture. 

The  first  step  in  the  determination  of  thia  equation  in¬ 
volved  plotting  the  forward  and  aft  dome  deflection  data 
for  various  preseures.  This  data  was  reduced  to  non- 
dimensional  form  by  dividing  both  radius  and  deflection 
by  the  maximum  outer  dome  radius.  This  was  6.7  inches 
for  the  l/li  scale  model.  Results  are  plotted  in  Figure  31 
for  presBurea  of  100,  200,  300,  350,  UOO  and  li50  psig.  It 
shows  that  the  test  data  can  be  approximated  by  a  straight 
line  having  a  slope  of  -0.03  yielding  an  equation  of  the 
following  form:  ■  b  -0.030  (^) 

where  ^  ■  deflection  normal  to  initial  contour,  inches 
>0  -  maximum  outer  radius  of  dome,  inches 
y  •  radius  from  dome  centerline  to  point  on  surface,  inches 
b  "  intercept  of  deflection  curve  with  the  ordinate  axis. 


riGURE  31 
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A  Btudy  of  the  deflection  data  alao  ahowa  the  intercept 
"b"  ha  a  a  nearly  linear  relationahip  with  preaaure  which 
can  be  written  a a 

b  -  .0175  ♦  0.00005  P 

where  P  "  internal  preaaure,  paig. 
Thia  yields  the  following  equationi 

-  0.0175  ♦  0.00005  P  -  -030  (•^) 

The  accuracy  of  thia  derived  equation  is  alao  ahown  in 
Figure  31.  A  compariaon  o'  the  line  obtained  froa  the 
derived  equation  with  the  beat  fit  ahowa  the  foraer  yields 
good  results  for  prasaures  above  200  paig  and  for  values 
of  between  0.3  and  0.9*  The  deviation  outside  this 
range  la  due  to  teat  data  scatter.  Additional  testing  with 
more  instrumentation  ia  required  to  subatantiate  these 
reaults. 

3.2.7  F\ill  Scale  Test  Data  and  Results 

A  study  of  available  full  scale  chamber  test  data,  and 
failure  characteristics  was  made  in  an  attempt  to  establish 
some  insight  into  the  nature  and  causes  of  failures  en¬ 
countered  in  the  field.  A  majority  of  the  failures  re¬ 
viewed  occurred  at  ':;he  dome  cylinder  Juncture  or  around 
the  off-center  porta.  The  three  basic  reasons  for  these 
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failures  appear  to  bo: 

1.  The  presence  of  discontinuities. 

2.  Bending  and  inflection  points. 

3*  Insufficient  and  Improper  reinforcement  to  effectively 
accomplish  the  required  load  transfer. 

An  analysis  of  these  failures  Is  very  difficult.  Due  to 
the  unidirectional  properties  of  the  ^ee  laminate  standard 
analytical  techniques  are  not  adaptable.  In  practice,  the 
use  of  various  membrane  analogies  only  yields  a  ball  park 
estimate  which  must  be  conflx*med  through  test. 

Discontinuity  failures  are  usually  manifested  by  an  abrupt 
and  well  defined  rupture  pattern.  An  example  of  this  type 
of  failure  occurs  on  those  specimens  which  failed  under 
the  build-up  produced  by  the  secondary  winding  angles 
(case  IP-Sli)  and  on  cases  which  failed  at  the  dome-cylinder 
cr  girth  relnforcenent.  Ary  change  in  uniform  laminate 
construction  tends  to  magnify  discontinuities.  For  this 
reason  all  reinforcements  must  be  designed  to  provide  a 
gradual  change  in  flexure  properties  and  strain  characteristics. 
In  practice  this  is  accomplished  best  by  actual  test. 

A  thorough  Investigation  Into  the  deflection  characteristics 
of  the  Z-250  cases  posed  a  rather  serious  dilemma  becauae 
the  relatively  large  amount  of  deflection  data  could  not  be 
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equatod  to  a  particular  design  or  fabrication  method. 

Very  little  information  was  available  regarding  the 
design  and  fabrication  of  X-250  chambers.  Inasmuch 
as  our  goal  was  the  refinement  of  the  X-250  and  X-260 
chambers  it  was  decided  to  revtow  both  X-2S0  and  X-260 
test  results.  Much  of  the  available  data  proved  limited 
and  inconclusive. 

Typical  deflection  test  results  on  X-260  full  scale  test 
chambers  is  shewn  in  Figures  32,  33  and  3U.  It  should 
be  noted  that  in  all  instances  no  data  i  s  shown  concerning 
the  behavior  of  the  specimen  in  the  vicinity  of  the 
knuckle  area  or  dome-cylinder  Juncture.  This  is  because 
the  skirt  configuration  obstructs  this  arse.  Although 
the  deflection  curves  are  inconplete  their  trend  shows 
discontinuity  and  inflection  points  probably  do  exist 
in  the  knuckle  area.  It  should  be  noted  that  the  chambers 
depicted  were  manufactured  by  different  vendors  and  yield 
widely  divergent  results.  In  Figure  33  the  deflections 
measured  between  and  across  the  noisle  ports  are  very  much 
alike  in  magnitude  while  those  in  Figure  32  and  3li  are 
distinctly  different.  This  shows  that  there  is  considerable 
variation  in  dome  stiffness  between  cases.  Off-center  port 
reinforcements  must  be  designed  to  minimise  this  scalloping 
effect . 
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Th«  most  feaeiblo  method  for  acoompllehing  this  is  to 
balance  the  dome  flexural  and  rtraln  properties  in  the 
▼icinity  of  the  ports  while  providing  sufficient  shear 
area  between  the  reinforcement  and  meridional  fibers 
to  satisfactorily  affect  an  efficient  load  transfer. 

Based  on  the  complexity  of  this  situation  it  is 
recommended  that  additional  scale  model  testing  be 
conducted  to  achieve  a  balanced  design.  Insofar  as 
the  dome-cylinder  Juncture  is  concerned,  the  best 
practical  way  to  minimi ae  this  discontinuity  is  by 
adding  strips  of  glass  cloth  reinforcement  at  the 
point  of  tangency  which  overlap  the  dome  and  cylinder 
Juncture.  Recent  teat  result a  substantiate  this 
approach. 

3.2.8  Comparison  of  Model  Teats  with  Poll  Scale  Chamber  Teat  Reaulta 
Another  basic  objective  of  this  program  was  to  make  com- 
pariaona  of  deflections  between  the  various  models  tested 
and  the  full  scale  chambers.  The  purpose  of  these  com¬ 
parisons  was  to  determine  whether  banding  or  other  adverse 
conditions  are  being  minimized.  As  discusaed  previously, 
meaningful  comparisons  can  only  be  made  if  both  geometric 
and  loading  similarities  are  maintained. 

Table  12  ia  a  comparison  of  end  closure  deflections  between 
the  XAi  scale  model  and  eeveral  tj'pical  ported  and  non-ported 
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TYPICAL  FULL  SIZE  CHAMBERS,  AMD  THEORETICAL  VALDES 
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chambers  at  similar  pressure  levels.  A  comparison  Is 
also  made  with  the  theoretical  deflections  which  were 
computed  using  the  empirical  equation  developed  in 
this  program. 

Results  show  that  the  lA  scale  model  deflections  are 
In  agreement  with  the  non-pox*ted  full  else  cases  in 
the  knuckle  area  but  are  larger  at  all  other  points. 

m 

Better  agreement  In  the  vicinity  of  the  dome-cylinder 
Juncture  Is  to  be  expected  because  of  the  greater  Irn 
fluence  exerted  by  the  cylinder  aixi  girth  reinforcements 
on  dome  deflections.  Results  substantiate  the  fact  that 
such  variables  as  methods  of  fabrication,  winding  pattern, 
and  type  of  reinforcement  affect  deflections.  The  larger 
deflections  in  the  area  of  the  polar  fitting  az*e  duo  to 
a  difference  in  the  ratio  of  longitudinal  to  hoop  windings 
between  the  full  sized  chambers  and  the  scale  model.  The 
full  scale  chambers  were  fabricated  with  a  larger  longi¬ 
tudinal  to  hoop  f'lass  ratio  which  stiffens  the  dome  re¬ 
sulting  in  smaller  deflections.  A  comparison  of  the 
theoretical  deflections  with  the  full  scale  non-ported 
chamber  deflections  also  shows  excellent  agreement  in  the 
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A  study  was  aado  of  tho  available  strain  gage  data 
accuBiulatad  fron  various  X-260  notor  cases.  Results 
sham  In  Table  13  are  United  to  the  region  around 
the  knuckle  area  and  Indicate  there  Is  a  scarcity  of 
data  regarding  bending  strain  levels  In  the  critical 
knuckle  area  (no  data  available  on  Z-250  cases).  Both 
positive  and  negative  bending  strains  are  being  en¬ 
countered.  Meridional  atralns  at  equivalent  done  positions 
on  the  full  scale  chanbers  are  In  agreenent  with  results 
obtained  on  the  ovaloid  and  l/li  scale  nodel  tests.  (See 
Tables  10,  11  and  2).  This  study  showed  that  additional 
Instrunentatlon  to  neasure  bending  and  deflection  should 
be  utilised  especially  In  the  knuckle  area. 

A  stud^  was  nade  to  compare  the  various  physical  properties 
between  the  l/U  scale  model  chamber  used  in  this  test 
program  and  several  ported  and  non-ported  full  sise 
chambers.  Table  lit  compares  the  most  important  pro¬ 
perties  at  similar  pressure  levels.  It  shows  that  the  l/Li 
scale  model  chamber  was  a  more  efficient  structure.  Stresses 
in  the  model  are  higher  for  equal  hoop  and  longitudinal  glass 
loads. 
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COMPARISON  OF  PHYSICAL  PROPERTIES  BETWEEN  SCALE  ttOKL  AND  TYPICAL  FULL  SIZE  CH 
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3.2,9  Sanmary  and  Conclaalona  For  Pha—  II 

Thla  phase  of  the  program  ahowed  the  zero  shear  contour 
was  effective  in  producing  a  more  efficient  done  con¬ 
figuration.  Conparlaona  with  full  scale  polar  ported 
chaaibera  (with  non-polar  ports)  ahowed  that  although 
equivalent  deflections  on  the  ecale  model  wore  larger, 
the  burst  pressure  was  higher  for  a  smaller  amount  of 

glass.  The  mode  of  the  scale  model  rupture  was  Identical 
* 

to  that  obtained  on  similar  full  scale  chambers.  At 
z*upture  the  meridional  glass  loading  was  higher  than 
the  design  load  of  b  lbs.  per  end. 

Test  results  were  repeated  and  showed  good  agreement 
although  some  scatter  was  evident  at  the  lower  pressures 
and  In  the  knuckle  area.  An  empirical  aquation  governing 
deflection  characteristics  on  a  polar  ported  chamber  was 
derived. 
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3.3.0  Phase  3  Modified  Dobm  Doaign 

This  aeotlon  of  the  report  outlines  the  steps  necessary  to  refine 
the  ourrent  Polaris  second  stage  rocket  chamber  configuration. 

One  objectl'm  of  this  program  was  to  produce  a  more  efficient 
structure  within  present  enrmalqpe  requlrsBMnts.  The  scope  of 
this  program  does  not  permit  a  coinplste  redesign  of  every  single 
component  so  that  an  attempt  will  only  be  made  to  specify  the 
ground  rules  by  which  this  goal  aiay  be  achieved. 

A  sljqdlfied  design  procedure  involves  the  following  steps: 

1.  Select  dome  contour,  winding  angles  and  winding  pattern 
from  the  geometry  of  the  motor  case.  Note  that  the  winding 
angle,  and  pattern  must  be  made  mutually  compatible  with 
the  dome  contour. 

2.  Calculate  the  length  of  the  cylindrical  section  of  the  motor 
ease  for  the  above  contour. 

3.  Calculate  the  number  of  turns  (ends)  required  for  each  winding 

angle. 

It.  Design  the  non-polar  port  reinforcements. 

5.  Determine  winding  sequence. 

6.  Design  Airt  attachment. 

The  winding  sequence  and  skirt  attachment  design  is  not  considered 
in  this  report  because  specific  fabrication  procedures  are  involved 
for  which  there  are  numerous  posslhi liti es , 
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The  example  presented  belcw  is  based  on  Hercules  Pouder  Co. 

Drawing  No.  ABL-26o^002. 

3.3.1  Dome  Contour  Selection 

Since  the  t-2$0  chamber  desigi  is  already  IVoson  the  design 
exa^tle  presented  is  based  on  dimensions  taken  from  Hercules 
Powder  Co.  drawings  for  the  X-260  configuration.  The  sero  shear 
contour  derirod  during  this  program  was  for  the  7  1/2*  winding 
angle  which  applies  to  the  X-2^  chamber,  whereas  a  5«1)*  angle 
rust  be  used  for  the  X-260.  Therefore  a  sli^t  modification  to 
the  darlwad  contour  may  be  neeessary  especially  if  unequal  polar 
port  diameters  are  required.  Howsrer,  it  is  assumed  that  a  sauQJ. 
change  in  winding  angle  could  probably  be  tolerated  without  causing 
a  significant  contour  change.  A  study  of  the  rarioas  contours  and 
of  data  reported  by  other  sources  tends  to  substantiate  this 
reasoning  at  least  for  the  smaller  winding  angles.  It  is  howerer 
recommended  that  the  chasber  designs  be  chmiged  to  incorporate 
equal  polar  opening  diameters.  Of  course  the  contour  presented 
is  compatible  with  the  present  X-2^  design  configuration  (which 
utilizes  a  7  1/2*  winding  angle)  and  probably  would  result  in  a 
significant  improvement  in  efficiency  if  it  could  be  incorporated 
into  the  design.  Design  requlraments  for  a  polar  ported  X-2^  chamber 
are  shown  in  Appendix  VI  of  this  report. 

3.3.2  Determination  of  Modified  Zero  Shear  Contour 

Figures  29  and  30  show  non-dinMnslonalized  deflections  for  the 
lA  scale  model  dome  closure  plotted  against  pressure  for  the 
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TariouB  gaga  locations.  Deflections  vary  linearly  with  pressure 
especially  at  the  hi^er  pressures,  howerer  none  of  the  strait 
lines  pass  through  the  origin  whan  extrapolated  to  zero  pressure. 

If  all  the  fibers  In  the  doM  are  equally  stressed,  there  is  no 
afiparant  reason  for  the  functional  relationship  between  deflection 
and  pressure  to  change.  It  can  therefore  be  assuned  that  the 
original  contour  did  not  produce  unif^na  fiber  stresses  and  as 
the  specinen  was  Initiallj  pressurized  an  Initial  shape  change 
took  place  without  significant  straining.  This  produced  deflections 
which  were  not  proportional  to  pressure.  This  reorientation  took 
place  at  wezy  low  pressures.  As  the  pressure  was  Increased  linear 
deflections  occurred  caused  by  straining  of  the  glass  fibers. 

Based  on  this  phencaena  it  is  apparent  that  the  original  contour 
could  be  corrected  by  the  anount  of  this  "zero  pressure"  deflection, 
i.e.,  the  intercept  of  the  deflection  curve  with  the  ordinate 

at  zero  pressure.  In  this  manner  the  contour  is  corrected  to  coincide 
with  the  deflection  tendencies  and  subsequent  deflections  should 
progress  in  a  more  uniform  manner.  Figure  35  presents  the  "zero 
pressure  deflection  as  a  function  of  radial  position.  Due  to  the 
scatter,  the  data,  for  both  domes  is  averaged.  Results  show  a 
definite  trend  is  established.  It  indicates  that  the  new  contour 
must  have  a  slightly  smaller  ratio  of  major  to  minor  axis.  The 
coordinates  and  contour  for  the  modified  zero  shear  dome  are  pre¬ 
sented  in  Figure  J6.  Figure  37  is  a  conipax*laon  of  the  original 
and  modified  zero  shear  contours. 
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ibrthor  toetljig  of  a  sealo  Bodol  using  this  eorroctod  eoiAonr  Is 
nsssBssrj  to  oosiflrB  vodfani  doflsotioiiB.  Tho  adraatage  to  bo 
gained  is  rsdaosd  dofLaetioo  due  to  distortion  shieh  voold  ail 
in  tho  bllnination  of  nndooirablo  bending  stresses  nd  pendt 
enifanilj  distributed  loading  of  tbs  filanonts. 


3.3.3.  Winding  Angles 

Tbs  winding  anf^s  are  detendnad  freai  the  gsonetry  of  the  ehadieie, 
fbr  the  X-26O  eenfiguraitiane  ftcetehod  in  figure  38  the  polar  wrap 
an^  is  foend  as  foUowsa 

ton  at  ■  Vk  t'  y*  7 

tan  <  "  .09^ 
oC  -  SJin 

Only  two  winding  andlos  are  reeoMsnded.  Hoop  strength  in  the 
eylinlor  is  dbtainad  by  placing  elreunfnrontlal  windings  at  an 
angle  approadnating  90*  • 


3«3Ji  Length  of  Cylindiloal  Section  of  Hotor  Case 

Tho  length  of  the  oylindrlcal  soetion  is  found  fey  natehing  the 
aero  shear  contoer  with  the  basic  rocket  case  at  the  outside 
diasMter  of  the  polar  fitting. 

Ifewi  figure  35  at 

-  0.6lii 

y  -  (.615)(26.8U)  -  16.W 

Orarall  length  -  L  -  ^♦2(y*h)-75.72  -  ♦2(l6,U8^,6U5)  ♦Z 
X  ■  UI.5I  inches  -  length  of  oylindrlcal  soetion 

P«g»  of - — Pogw 


KIDDE  AERO^ACE  DIVISION 
Waiter  Kidde  &  Companj,  Inc. 


REPORT  No. 


36I42-U 


3.3,$  Qlaoa  Fllawant  Rtmlr— lit 

The  ■wont  of  glass  fibers  rsqpiired  to  withstand  a  test  pressors 
of  370  pslg  Is  next  oalcolatsd  for  uniform  fiber  loading  using 
sqpiatloas  dorlwad  In  Appendix  V. 
a)  For  equal  fiber  loads  in  both  directions  t 

Sh  eos«^i  -TTd  alne(,"  -  luo  cooo<2  -  iTd  Mg  slnP^  I 

ITT  I  1.1  J 

share  II  *  no.  of  fibers  crossing  circwferencsTT’d 
M  no.  of  fibers  crossing  length  2X 
o(i  ■  90*  and  slno(,  1  cooo(|  -  0 


■  »2  eose< ,  -TTd  Jtsino^o 

•  •  U  IX 

**2  *2  tano(2 

2  0000(2  -  tane<2  sino(2  ] 

share  01110(2  *  *0911 
coso(2  ■  .996 
tano(2  ■  .091* 

.996)-.09li(.09li)] 

i  -  0.975 

b)  P  d  -  plifl  coooC;.  ♦  l2f2  coso<2| 
r  fl'd  I  ^ 


where  coso(j^  -  cos  90*  ■  0 


■2  -  tTd^  p 


U  f 2  (  coso(  2  ) 

shore  P  -  proof  pressure  -  370  pslg 

fg  ■  working  load  per  end  ■  (.9)(6)«U.8  #/end 
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N2  "  175^00  ends  crossing  circumference TTd 

end  ■  ,975  N2  “  •975(175,500)  -  171,000  ends  crossing  lengfek  2i. 
This  corresponds  to  a  winding  pattezm  consisting  of  87,750  end 
turns  with  a  5.U*  winding  angle  and  85,500  end  turns  with  a 
90*  winding  angle. 


Design  of  Non-Polar  Port  Relnforcaeents 

The  design  of  the  reinforcements  for  the  non-polar  ports  Is  a 
difficult  task  because  in  the  application  of  currently  established 
techniques  and  equations  for  Isotropic  materials  Tarlous  assumptions 
must  be  made  which  often  lead  to  eironeous  and  Is^ractical  solutions. 
The  problem  Is  to  accomplish  an  efficient  load  transfer  across  the 
cut-out  opening  without  Introducing  critical  secondary  bending  and 
shear  stresses.  With  the  present  state  of  the  art  this  Is  best 
accomplished  by  a  combined  analytical  and  test  program.  An  exu^e 
of  the  assumptions  which  are  possible  Include  the  following t 

1,  All  of  the  load  transfer  Is  accomplished  through  shear  between 
the  various  layers  of  reinforcements  and  meridional  windings. 

2,  All  of  the  load  transfer  across  the  opening  must  be  accomplished 
through  the  reinforcement  medium.  If  reinforcing  rings  are 
considered  then  all  the  load  Is  transmitted  through  them. 

3,  The  load  transfer  is  achieved  through  a  combination  which  pro¬ 
duces  an  optimum  configuration  In  which  the  flexural  and  strain 
properties  of  the  reinforcement  match  those  of  the  dome  structure 
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80  that  secondary  foroas  are  mlnlnised. 

Two  analyses  were  made  for  sizing  the  non-polar  port  rein- 
far  oemeRbs,  One  was  based  on  load  transfer  requirenents  and 
the  other  on  strain  requirenents.  Both  analyses  were  baaed  on 
the  following  assvoqptionst 

1.  dons  contours  grow  unifonOy  under  pressure 

2.  bending  effects  are  neglected 

3«  no  residual  or  discontinuity  stresses  are  present 
U.  all  fibers  are  loaded  unifomly 

The  first  approach  selected  for  analysis  consisted  of  doilies 
made  of  hoop  windings  in  the  form  of  rings  to  which  the  entire 
load  is  tranasdtted  through  shear.  This  type  of  relnforcenent 
was  selected  because  it  would  be  made  of  continuous  glass  fibers 
thereby  maintaining  its  structural  integrity  and  enabling  a  better 
load  transfer.  A  8iiif)llfied  analysis  was  made  in  which  the  laminate 
was  considered  as  flat  and  bi-directional.  The  fiber  loads  were 
assused  to  be  transwitted  directly  to  the  reinforcing  ring  at 
the  outside  radius.  Results  of  this  analysis  are  shown  in 
Appendix  VII.  Expressions  for  the  radial  and  tangential  loads 
are  derived  in  terms  of  the  winding  angle  and  glass  fiber  tension. 

A  study  of  the  results  shews  that  the  resultant  (radial-tangential) 
load  is  maximum  at  the  upper  edge  of  the  port  nearest  the  polar 
fitting  and  acts  in  a  radial  direction.  This  corresponds  to  a  value  equal 
to  twice  the  unit  fiber  load.  The  maximum  hoop  load  occurs  at  the 
lateral  edges  of  the  ring. 
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Detailed  design  procedures  for  calculating  the  requlrckl  amount 
of  ends  were  established  based  on  shear  requirements.  The 
aruLlysls  is  based  on  small  angle  windings  which  yields  waxImMi 
loads  and  is  therefore  conserratlwe. 

The  second  analysis  considered  was  based  on  matching  the  meridional 
and  hoop  strains  between  the  done  shell  and  the  reinforcing  ring. 

With  this  amthod  the  meridional  and  hoop  strains  around  the  relt^ 
forcemsnb  at  proof  pressure  would  be  equal  to  those  encountered 
in  an  undisturbed  dome.  This  would  result  in  unlfora  growth 
and  minimise  secondary  bending  and  shear  stresses. 

Results  of  both  analyses  Indicate  the  latter  ^>proaeh  is  moore 
feasible  from  both  theoretical  and  practical  considerations. 

There  are  two  basic  possibilities  for  attaching  these  rings  to 
to  the  dome  structure.  One  method  is  to  bond  the  reinforcing 
ring  to  the  outside  of  the  shell  with  adheslwe  and  then  cut  away 
the  longitudinal  fibers  to  form  the  desired  opening.  The  second, 
and  preferred  method  is  to  intersperse  the  required  amount  of 
reinforcement  between  the  longitudinal  layers  of  glass  filaawnts. 

It  is  felt  that  a  more  effective  load  transfer  can  be  accomplished 
with  this  approach.  Care  must  be  exercised  in  the  design  of  these 
rings  to  minimize  discontinuity  effects.  This  is  achieved  best  by 
varying  the  diameter  of  each  layer  in  such  a  manner  that  an  effective 
flexural  gradient  is  obtained  across  the  reinforcement.  The  edges 
should  be  tapered  to  blend  in  with  the  desired  contour  and  overlapping 
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glass  aat  used  In  rslnforcing  the  dome  C7llnder  Juncture  and 
in  the  area  between  the  nozsle  ports. 

Slalng  NotvJolar  Port  Relnforcawent  Based  on  Load  Requlresisnts 
The  following  illustrates  the  nsthod  for  sizing  the  aft  port 
reinforcemants  based  on  the  X-260  configuration. 

1.  The  first  step  involves  calculating  the  maxinum  number  of 

fllMrglasa  ends  per  indi  perpendicular  to  the  fiber  direction 
which  are  cut  for  the  port  opening. 


PORLT 


7;  2CTr 

X  -  12.9" 


.U81 


b)  aino('  -  3*5  -  .271 
12.9 

oC  -  15.72* 

tan  •<  -.281 
cos  -.963 


where  V* ■  polar  port  radius,  inches 

X  ••  distance  between  centra's  of 
polar  and  nozzle  ports,  inches 

*  angle  between  tangent  to 
polar  port  and  canter  of 
nozzle  port 


c)  (N)  nax.  ■  no,  of  ends  crossing  circumference  x  1 

21V  X  coso(' 


(N)  max.  ■  2250  ends  per  inch!  to  fiber  direction. 
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2,  The  naxlmun  load  per  inch  (T)  perpendicular  to  the  fiber a  ia 
then  calculated  baaed  on  the  deaign  fiber  load  of  U.8  lb.  per 
end. 


(T)  max.  -  ™  -  U.8  (2250) 

■  10800  lb  a  per  inch  X  to  fiber  a. 

3.  The  minimum  outaide  diameter  for  the  ringa  ia  determined 
from  equation  3  of  Appendix  Vll. 


TS'  =  + 


♦T  Where  n  ■  no.  of  reinforcement  ringa 


is.-  allowable  interlaminar  ahear, 
pel. 


Aacume  n  ~  U 

The  value  of  "n"  ic  choaen  aa  k  to  permit  an  effective  reixH 
forcement  diatribution. 

-  5000 

and  "fi  ■  5.125  inchea 
then 

il-  5.125  ♦  10800  -  5.125  ♦  .5U 

ir(WT 

Vg**  5.bb5  inchea  minimum.’ 

Inaamuch  aa  the  diatance  between  the  edges  of  the  polar  and 
non-polar  ports  ia  li.3  inchea,  the  outer  radius  of  the  rein¬ 
forcing  ring  may  be  a  a  much  as  9.1i25  inches.  For  beet  deaign 
an  outside  diameter  of  7.625  Inches  will  be  considered  to  yield 
a  2  1/2"  wide  ring. 

U.  The  final  step  is  to  calculate  the  required  number  of  circum¬ 
ferential  ends  per  layer  of  reinforcement.  This  is  obtained 
from 
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s  -  (  v;  ♦t^) 


where  E  *  No.  of  circumferential  ende  per  layer 
T  «  load  per  in  X  to  fibers 
n  ■■  no.  of  reinforcement  layers 

allowable  load  per  end  in  circumferential  rein¬ 
forcement  fibers. 

S  -  (5.125  ♦  7.625)  jl^^^ 

S  •  7150  ends  per  layer  of  reinforcement. 

This  would  result  in  each  ring  being  0.10  inches  thick,  yielding 
a  total  cross-sectional  area  of  approximately  1.0  square  inch. 

This  number  of  glass  filaments  appears  unfeasible  from  a  practical 
standpoint  and  shows  that  this  design  approach  is  too  conservative. 
It  is  felt  that  with  this  configuration  the  reinforcing  ring  would 
be  too  stiff  and  would  result  in  high  secondary  bending  and  shear 
stresses.  Under  pressure  loading  the  shell  would  not  maintain  its 
contour  and  high  discontinuity  stresses  would  be  encountered. 

3.3.8  Si  sing  Noi>- Polar  Port  Reinforcewents  Based  on  Strain  Requirements 
This  method  illustrates  the  method  for  sizing  the  aft  port  rein- 
forcesients  based  on  the  1-260  configuration.  Since  the  zero  shear 
dome  contour  has  been  shown  to  coincide  with  the  geodesic  contour 
foxnnulae  and  data  presented  in  references  number  S,  6,  9  and  10  can 
be  applied. 


Pagai 


Page  1°^  of 


KIDDE  AERaSPACE  DIVISION 
Walter  Kidde  &  Company,  Inc. 


REPORT  No. 


,3(y42r!ll... 


doM  radius,  iiK^es 

26.8U" 


'f  -  radius  to  canter  of  nozsle,  inches 
o(r'‘  sn^e  fllamsnt  Mdcas  with  the 

longitudinal  axis  at  point  of  tangency, 
degnes  - 

o(  -  filament  helix  angle  between  filament 
direction  and  dome  meridional  plarm  at 
canter  of  nosile  port,  degrees. 

~  angle  between  normal  to  done  ccmtour 
and  centerline  of  dome. 

•Qt-  radius  of  currature  normal  to  nex*ldian. 
Inches. 
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1.  The  first  step  Is  to  determine  the  filament  helix  angle  at 
the  center  of  the  nossle  port,  FVom  figure  36, Is  0.U8 
at  this  point  and 

r'-  ,liB(26.8U)  -  12.883  inches 


Frem  reference  $ 
sin«^  ■  sin  < 


-  .19606 


and  o(  -  11.3* 


2.  The  angle  ((>  is  calculated  fjrom 

<t)  -  are  tan  ■‘jr 

•  rvi'  ■  e  9  j-  a.. 


(l+x^)-tan^y.^JJ  i 
where  x  ■  ^  ■  .1*8 


(see  ref.  $) 


^  ■  arc  tan _ ««.110$9 _ 

|n[l-.2301*)  ^  .2301C1+.230I*)-.Oo893S 

(()  -  13.525* 

3.  The  radius  of  curvature  1^  is  obtained  from 
%  m  'T  -  12.883  - 

iisq) 


arc  tan.2l*059* 


■  55.079  indies 

U.  The  radius  of  curvature  1[' in  the  neridlonal  piano  is  calculated 


r,-r,  Rc 


where  Ro*  instantaneous  radius  of 


curvature  at  the  center  of 


R-  ■  1+  (dx) 


the  noszle  port 
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where  ^  ■  tan  4)  ■  .2U059 
dx 

d2y  -  3x2  .(xh-3x8  +  Cxi*) 

^  ^  - 

A  ■  x^  -  C  (l-x2) 

C  -  tan  2o<y,.  .0089359 

X  -  .U8 ,  x2  -  .230U 


substituting  we  have 

A  -  .230li-(.230U)3-,0089359(l-.230li) 
A  -  .2U3 


■  3(.230li>-  [( .230U)^-3( . 2301^)^4. 0089359 ( .230U)^1 
dx2  y,2113  -^21133)^ 

^  -  1.038 

therefore 

Rc  -  [l*(.2lt0$9)^]  -  I.0U8 

iTo^ 

and  >7  “  26. 8U  x  1.01x8  ■  28.128  Inches 
5.  The  meridional  (N(j))  and  hoop  (N^)  loading  is  obtained  ft*om 
conventional  pressure  vessel  fonmilae. 


Meridional  load  N^-_Pr-  370(12.883) 
2  sln^  2(.2339) 

N(|^  -  10,187  Ib/ln 

Hoop  Load  N  ^  ^2-  ^  ^ 

-  10187  (2-  55.079N 

\  28.128/ 


10,187  Ib/in 


Ne  -  1x07.1  Ib/ln 
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6,  The  correspondinp  dcme  meridional  (£<>)  and  hoop  (€&)  gtraina 
are  calculated  as  follows: 
meridional  strain  £<t>  - 

hoopstruln 


t 


tv-y^  cos»<r 
■  V  cosot 

(26.8h  )(.9S 
■(.OUO) (12.683) (.90061) 


where  E  « 


t  ■ 


t  ■  ,081i6  inches 


ty- 


.  ^  .10187 _ _ 

..  £4)  -  r.T{li!jRr(.o8hI5)(. 90061)? 

64>.  .01928  in/in 


modulus  of  elasticity 
6,5  (10^)  psi  (assumed) 
laminate  thickness  corres¬ 
ponding  to  center  of  nozzle  port, 
mertdional  thickness  at  equator 
.OliO"  (based  on  scale  model) 


7. 


likewise 

hoop  strain  fe- 


U07.1 _ 

6.5(lOfc) (.0816) (.1966)2 
.01928  in/in 


The  cross-sectional  area  of  the  required  reinforcing  ring  is 
then  o'^tained  based  on  making  the  ring  and  dome  strains  equal. 


The  reinforcing  ring  stress  is 

and  for  equal  ring  and  dome  strains 

cr=  64,6 


where  Rr  ■  radius  of  non-polar 
port  opening, ■ inches 
■  5.125  inches 

Ar  ■  required  cross-sec¬ 
tional  area  of  ring, 
in? 

(f  -  ring  stress,  psi 
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equating  and  substituting 


Ar  -  .362  in. 

A  similar  analysis  for  the  X-2S0  second  stage  configuration  shows 
the  required  reinforcing  ring  area  is  »hh9  ir?, 

3«3«9  Sumaary  and  Conclusions  For  Phase  III 

This  i^se  of  the  program  presents  a  method  for  refining  the 
contour  of  a  dome  configuration  based  on  established  deflection 
tendencies.  With  this  technique  future  modification  may  be 
possible  with  other  designs.  The  sero  shear  contour  was  modified 
to  conform  with  the  pressurized  dome  laminate  shape.  This  should 
Insure  an  even  better  load  distribution.  Further  experimental  work 
Is  recommended. 

A  design  example  for  the  X-260  chamber  is  presented.  The  design 
Is  baaed  on  an  optimum  configuration  in  which  all  glass  fibers  are 
loaded  equally.  This  should  result  in  a  significant  wei^t  saring. 
Two  different  analyses  for  designing  the  required  non-polar  port 
reinforcements  are  presented,  one  based  on  load  transfer  require¬ 
ments  and  the  other  on  matching  the  dome  meridional  and  hoop  strains. 
The  basic  shape  of  this  reinforcement  is  in  the  form  of  circumfer¬ 
entially  wound  rings.  A  comparison  of  the  two  approaches  Indicates 
the  latter  method  is  more  feasible. 
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3.I1O  REGOtWENDATIONS  AND  CO  JCLUSIONS 

The  primary  objectives  of  this  program  were  successfully  achieved.  Many 
recdianendations  and  conclusions  are  made  possible  as  a  result  of  this  study 
program.  The  modified  aero  shear  contour  is  recommended  for  use  in  both  the 
X-2^0  and  X-260  secorxl  stage  dome  configurations.  The  use  of  the  zero 
shear  contour  on  the  scale  model  end  closure  contours  produced  a  hi^ly 
efficient  structure  in  which  the  longitudinal  and  circumferential  ^ass 
fibers  were  loaded  equally.  A  strength  to  density  ratio  of  1,68  x  10^ 

Inches  was  attained.  Eiqpirlcal  methods  for  the  determination  of  optimum 
contours  were  proven  feasible  and  present  a  practical  method  for  obtaining 
future  design  variations.  Results  show  done  contour,  winding  angle,  pattern, 
and  reinforcement  are  all  inter-related  factors.  The  empirically  detetmlnsd 
zero  shear  contour  was  shown  to  be  in  agreement  with  the  theoretical  Geodesic 
contour.  A  study  of  the  various  contours  shows  little  variation,  especially 
for  the  smaller  winding  angles.  It  should  be  noted  however  that  these  con¬ 
tours  may  only  bo  practical  for  thin  walled  domes.  For  heavier  walls 
sane  modification  may  be  required.  For  future  applications  it  is  recommended 
that  the  effect  of  dome  thickness  be  studied.  The  forward  and  aft  adapter 
ports  should  wquire  identical  openings  to  insure  compatibility  between 
the  contour  and  winding  pattern  on  both  closures.  A  sequential  winding 
pattern  is  recommended  where  successive  rovings  are  placed  adjacent  to 
each  other.  This  minimizes  the  ninnber  of  cross-over  points  and  with  a 
polar  wrapping  pattern  more  closely  approximates  geodesic  requirements. 

Deflection  characteristics  of  a  polar  ported  model  were  found  to  be 
essentially  linear  with  pressure, indicating  costly  contour  changes  can 
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be  first  checked  on  scale  models.  A  method  Is  presented  for  adjusting 
dome  contours  based  on  deflection  tendencies.  In  this  fashion  the  con¬ 
tour  is  made  to  comply  with  deflections.  Girth  reinforcements  for  attaching 
the  skirt  were  found  to  stiffen  the  knuckle  airea  and  formed  an  abrupt  dis¬ 
continuity.  It  should  be  noted  that  even  with  this  discontinuity  present, 
a  much  more  efficient  dome  structure  was  achieved  with  this  contour.  It 
follows  that  present  dome-cj'linder  Juncture  failures  may  also  be  influenced 
by  the  ix)n-polar  port  reinforcements.  The  discontinuity  effect  is  magni¬ 
fied  by  the  use  of  secondary  oveiwlnds  terminating  in  this  region.  It  is 
recoimnended  that  the  ^irt  attachment  be  made  directly  to  the  cylinder.  A 
layer  of  glass  cloth  is  better  than  pure  circumferential  windixigs  for 
reinforcing  the  done-cylinder  Juncture  area  because  it  would  be  more 
flexible  and  compatible  with  deflection  tendencies.  A  gradual  change  in 
stiffness  should  be  designed  into  this  area. 

The  design  of  the  reinforcements  for  the  non-polar  ports  is  a  difficult 
task  and  must  be  supplemented  with  tests.  The  most  efficient  port  rein- 
forcenent  will  be  one  in  which  the  natural  strain  and  deflection  tendencies 
of  the  dcmie  contour  are  matched  in  the  reinforcement. 

A  review  of  available  data  on  full  scale  chairbeirs  indicates  considerable 
variation  exists  between  cases  manufactured  by  various  manufacturer. 

Limited  test  data  shows  scalloping  and  points  of  inflection  are  present. 

To  minimize  contour  and  deflection  incompatibility  the  metal  inserts  and 
reinforcements  should  conform  to  the  contour  requirements. 
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Appendix  I 

KB-9  0-Shear  Container  -  Evaluation  of 
Teat  Data 


KB-9  Test  Data 

Two  Icmrs  of  laminate  wound 
at  7 •5*  and  20*  reapectivelj 

Total  wall  thickness  at  equator 

■  .0U2 

d  <■  lUallt  in.  (external  dimension) 

h  ■  10,035  in.  (external  dimension 
taken  from  another 
specimen) 

No,  of  ends  per  layer  ■  10,800  (same  for  both  7-1/2  and 
20*  winds) 

No,  of  layers  -  2  (same  for  both  winds) 

Percent  resin  by  weight  -  23.5 
Burst  pressxire  -  925  psig 
Failure  occuxred  at  the  equator. 


Ref  :  Wong,  Apnlied  Elasticity,  McGraw-Hill,  1953,  p.  329 

Assuming  the  container  to  be 
acting  as  a  membrane,  we  have 
the  following  equatlorn; 


2Tr  N^  sin  y.  +  R 


Ne 


ro _ 

sin  A 


rse  .p1 

[“■a  ’J 


where  r^  ■  radius  of  container  at  equator 

r  -  radius  of  curvatiu’e  of  surface  in  plane 
*  intersecting  axis  of  container 

R  ■  resultant  of  forces  acting  on  shell 

<P  angle  as  shown 

t’  ■  external  pressure  acting  on  shell 

3 

Ny  ■  Ipad  per  inch  in  longitudinal  direction 
Ne  ■  load  per  inch  in  hoop  direction 


container  axis 
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Solving  for 

Np  -- 


2Tf  r-  alnp 


But  R  ■  -  IT  r  *  P 
o 

^-90* 
sin^  ■  1 

Np  -  ^  1 92$) (7.07) 

Np  -  3,270  Ib/in. 

Solving  for  N«  and  substituting  values: 


But  ra  ■  3.7' 


is  -I 


.*.N*  -  - 


7.07 


(This  value  was  found  by 
graphical  methods 

3.270 


Ne  -  -  (7.07)(-Ul) 
Ne  -  290  Ib/in. 


-7.07  [88U  -  925] 


The  membrane  st]:*esses  oorresTDonding  to  the  above  values  of 
Np  and  Ne  are  : 


3,270 


78,000  psi 


fe 


290 

~M2 


6,900  psi 
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Consider  a  snail  element  of  the  fiberglass  laminate  at  the 
equator  (only  one  layer  is  shown  for  clarity) 


I 

777^ 

f  •<  i 


fi  Ill  cosoc],  +  f*  na  coso<a  ■ 


fi  BtL  sinocx  +  f a  aiB  aincxa  >  No 


where  f  -  fiberforce  per  end  (Ibs/end) 

n  ■  no,  of  ends  per  inch  crossing  equator 
m  ■  no,  of  ends  per  inch  crossing  meridian 
at  the  equator 

It  a$  "  subscripts  denoting  layers  with 

7-1/2“  and  90*  winding  angles  respectively 


m  and  n  are  related  as  follows: 

The  no,  of  ends  crossing  length  1 
is  equal  tc  the  no,  of  ends 
crossing  length  l/Tancx, 

"\-  " 

2  -  Tan<=»< 
n 


P«q« 
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The  equations  for  N<p  and  Ne  may  therefore  be  rewritten 
fi  rii  coscT^i  +  f a  na  cosc»^  a  " 

fi  m  sin  0^1  Tanoci  +  fa  na  sinc^,  a  Tanrxa  ■ 


r  -  ~  eos<Xa  ^  Ne  -  fa  na  siiiO<a  Tan  a 

"  ni  cosrXi  "  ni  sincx  1  Tancxi 

Solving  for  fa  ; 

,  ^  _  Ne  co8o<i>  N  f  sin  0<  i  Tan«>Ci 

•  •  "  na  Lsino^a  T'ano<a  cosckx  -  sino^j.  Il'ano^  coso^a] 


letting  ^1  - 

7.5’ 

<=><a  -  20- 

SlBcSXi  ■ 

.13053 

sin  o<8  ■  .31*202 

cosCX,!  ■ 

.99lUi 

coscxa  ■  .93969 

Tano<i  ■ 

.13165 

TanCXa  ■  .36397 

Alao|  ni  -  na  ■  ends/inch 

Substituting  values 

.  _  (290)(.99lUli)  -  (3.270)(.13053)(.13165) 

1*86  TC.3^2)'(V3<5i97)'( /99l©  -TriW3)( .i3l6^r.939'r^^ 

fa  ■  U«U1*  Ibs/end  /For 

^20*  layer 

-  _  3.270  -  (U.U*)(  1*86) (.93969) 

'(1*86)  (.9m) - — 

fi  ■  2.58  Ibs/end  /For 

■b  7.5’  layer 
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Appendix  II 


Specimen  KB-15  Stress  and  Load  Galculationa 
A.  At  the  Squator 

1.  Meridional  load  in  Ibe./inch  -  ^  -  where  P 

2 


*-0 


internal  pressure 
in  pelg 
Maxinum  radius 


-  TOO  (7.1i3) 

2 

1%  -  2610  Iba./ln. 


2.  Average  meridional  wall  stress  at  equator 
thickness  at  equator.  Inches 


w 


where  t 


laminate 


j.  Load  per  end,  T 


M 


Sn,  -  17li,000  psl 

where  M  •  ends  per  inch  of  circumference  at 
equator 

“  wilding  angle 


Total  flier  revs.x  end5/roving  x  2 
2  TT  r 


M  ■  1^9..  >■  ol7  ends/inch  of  circumference 

2Tr(7.L3) 


-ilEl"  Ibs/end 

MC05A  617(.99l) 


Pagai 


Paga  117  of 


KIDDE  AERaSPACE  DIVISION 
Walter  Kidde  ft  Compaoy,  Inc. 


REPORT  No. . 


Apnendix  II  (Cont'd.) 


B.  At  Point  of  Failure 


1.  Meridional  Load  -  Pr 

2SiH<P 


700  (6.U)  _  700  (6.U) 

*  ■  »  I  *  I  I  I 

2  {SlNk6°)  2  (.72) 

M„  -  3110  IbB./inch 

2,  Average  meridional  wall  etrees,  ipj  ■  ^  ■  3110 

t  .029 

where  t  ■  laminate  thickneee  at  point 
of  failure  on  dome,  inches 
-  .029" 


where  P  ■  internal  preeeure  peig 
r  ■  radius,  in  inches  ■  6.h" 

<|)  ■  li6® 


Obtained 

graphically 


S„,  -  107,300  psi 
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Equatlona  For  Calculating  Bending  Strains  Using  Flexagage 


where  m  actual  axial  strain  at  laminate  surface 

-  actual  bending  strain  on  laminate  surface 
£/  ■  strain  reading  at  top  gage 

-  strain  reading  at  bottom  gage 
t  ■  laminate  thickness 

h  ■  effective  thickness  of  Flexagage 
tg  ■  distance  bottom  gage  is  from  laminate 
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Appendix  IV 


Simulation  of  Aluminum  Skirt  Stiffness  with 
Equivalent  Layers  of  Fiberglass  Laminate 


E 


S  F  Fd 

?  -W 

where  F  ■  load  -  lbs 
d  -  length  -  in. 

6  -  elongation  -  in, 
A  ■>  area  -  sq  in. 


For  equal  strain  at  given  load  (l.  e.  same  stiffness) 


S 


AE 

T  |ai 


or 

Agl  -  Aai 


Assuming  that  only  the  portion  of  aluminum 
skirt  which  is  bonded  to  rocket  case, 
contributes  to  the  stiffness  of  the  rocket 
case,  we  have; 


For  the  full-scale  case;  (t  ■  .090  in.) 


"A1 

Also 


(2)(.09)  -  .180  in.= 


^Al  -  10  X  lo®  psi 
Egl  ■  7  X  10*  psi 

Agi  -  (.160)  ^ 


0,257  sq*  in. 


For  same  length,  i.  e.,  2,0  in, 

0,257 


tgi  - 

tgl  - 


2 

.13  in. 


For  l/U  scale  model 

-  .t'33 


1  « 
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Appendix  V 

Design  Equations  for  a  Cylindrical  Container 
Wound  With  Two  or  More  Winding  An^es 


Longitudinal  Foifce 


Pj^  ■  Mf  coa 

where :  N  >  no.  of  ends  crossing  elrcuaferenee  nd 
f  "  fiber  force  per  end  (lbs.) 

ltd* 

R»t,  p 

when:  d  ■  dianster  of  cylinder  (in.) 
p  -  internal  pressure  (psi) 


Also,  Nl  4  i 
nd 


longitudinal  force  per  inch  of 
clrcuatTerence  (lb.  per  in.) 


PL 

«L-  Td 


Pd  ,  Nf 

r  ^ 


008  CK 


Eq.  1  a 


For  k  layers, 

fl 


Pd 

r 


Nifi 

nd 


coa  cK 


Bq.  1  b 
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Hoop  Force 

Fjj  -  M  f  Bin  o< 

vhere  :  N  >  No.  of  ends  croBSing  length  2  1 
f  ■  fiber  force  per  end  (lbs.) 

But,  Fji  -  dlJ* 

where:  d  ■  diameter  of  cylinder  (in.) 

1  ■  length  of  cylinder  (in.) 

p  ■  internal  presstire  (psi) 

A  Fh 

Also,  Ny  ~  force  per  inch  of  length  (lb.  per  in.) 

sin  Eq.  2  a 


„  ^  Pd 

S  "  2 


Mf 


For  k  layers. 


FH 

N  ■ 

H  21 


K 

¥■  ? 


Mifi  . 

“sr  ^  i 


Eq.  2  b 


Relationship  between  M  and  N 

The  no,  of  ends  crossing  length  2  1,  (M)  can  be  expressed  in  terns 
of  the  no.  of  ends  crossing  the  circumference  (N),  the  winding  angle 
(^  ),  the  length  (l)  and  diameter  (d). 
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Consider  the  following  geonetrjri 


No.  of  ends  crossing  circumference  nd  -  N 

nd 

No,  of  ends  crossing  length,  ■  N 

No,  of  ends  per  inch  of  length  ■  yj . . 


No.  of  ends  in  total  length  of  2  1  «  21 

But,  H  -  No.  of  ends  crossing  length  2  1 


Ntsno<  \ 
ltd  I 


•  M  ,  2  1 

It  nr 


tan  cK 


Eq.  3 


Note:  For  winding  angles  of  0*  and  90*  (corresponding  to  pure 
longitudinal  and  pure  circxmferentlal  windlngsT,  tane:x- 
has  values  of  0  and  c>o  respectively.  This  means  that 
either  N  or  N  becomes  0  depending  on  whether  the  windings 
are  longitudinal  or  circumferential. 

Relationship  between  Fiber  force  and  Winding  Pattern 

Noting  that ; 

N  9  N  /  ®®*  equations 
"h  "l  N  1  b  and  2  b 
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Then,  from  Equatlone  1  b  and  2  b,  ve  ha'vej; 


aincTC 


COBO< 


Nifl  ainex^ 


.  ^ 


la  X 


Hifi  008<=K’, 


Subatltutlng  Eq.  3  In  Eq.  Ua,  we  hare 

V  V 

Nifl  tan<=><^  aino^j^  *2  Nifi  coao^^^ 


Eq«  k  b 


Equatlona  for  Cylinder  with  Two  Windine  Analea 


For  the  caae  whez%  k  «  2,  equatlona  1  b  and  2  b  become: 

^  ^  [Nifl  coe<=Kx  +  Nafa  coaocal 

Ny  -  ^  ^  ^  [Mifi  alncKx  +  Mafa  8lnw<  a] 

Since  the  presaure,  P,  la  the  aame  for  both  typea  of  loading 

[Nxfi  oodOTx  +  Nafa  ooao<a]  ■  ^  [Mxfi  8lno»i  +  Mafa  aino^a] 
trd* 

£l  -  -  [Wa  coa<Xa  -  H  ^  » 

Nx  coa*^*-!  ■  'Jj  alnox  x  _  ^  ® 

For  equal  force  per  end  in  all  fibers  (i.  e.  equal  fiber  stresa) 


fi  ■  fa 

Nx  coaofx  •"  TT  Ml  aincxi 


Na  coacx  a  -  ■tt  Ma  8ino<3 


Eq.  5  b 
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For  Taluea  of  M  and  N  other  than  0  (i.  e,  0  ^  tan  cK  <  cso 
or  0*  90') 


Since 


ltd 


M  ■  N  tan«=< 


Ni  ^  2  coBoc  a  -  tantX  a  alno^  a 

Tla  "  2  co8c7<  1  -  tartoK  i  alnoc  i 


Eq.  5  e 
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Appendix  VI 


Design  of  Polaris  Rocket  Motor  Case 


Assxnae  stresses  in  end  closure  less  than  stresses  in  cylindrical 
portion  of  container  and  design  on  basis  of  loads  acting  in  the 
cylinder. 

d  -  in. 

/  *i  \ 

1  -  35.89  in.  - - 

-  7.5*  - n —  ^ ^ 


Fro*  gsoBietry  Hx  ■  0  (i.  e.  90*  hoop 
windings  do  not  contribute  to 
longitudinal  strength). 


For  equal  stress  in  both  layers  (Eq.  !5  b) 

Ni  coscxi  -  Ml  sincK  1  -  -jila  cobck  ,  .  ^  M^  sinc?c*j 


but  Hi  ■  0 

sinOcTi  -  1 
COSCN.1  ■  0 


**  ^  1^1  "  11a  oosCx'a  "  ^  Ma  sln*^^  a 

But  ^  Ma  -  Na  tanoc  , 

.'.Ml  -  ^  [»,  coso<a  tancxa  slnocaj 

fe  "1  cos  o<.2  -  tanocg  sin<?^a| 

but  sirPK  a  ■  .13053 

cosc>s.  a  ■  .991l4U 

tan<^  a  "  .13165 

•'•si  ■  HiroiS  -  (.i3i65)(. 13053) 
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^  -  0.8U 


viiere  >■  No.  of  90*  winding  erxls  crossing 
length  21 

Na  <■  No.  of  7.5*  winding  ends  crossing 
circumference  nd. 

Since  there  are  two  ends  per  t\im  of  both  the  90  and  the  7*5* 
windings 

(No.  of  90*  turns)  -  0.8U  (No.  of  7.5*  turns) 


The  no.  of  ends  required  is  as  follows : 
From  equation  1  b  for  k  -  2 


Nj^  ■  ^  ^  ~  ^Nifi  cosex'  1  *  Na  fa  cos*^  ^ 


but  cos<=xi  ■  cos  90*  ■  0 
•  nd* 


P  ■■  Na  fa  cosc?\i 


Solving  for  the  number  of  ends,  Na 
nd*  P 

lifa  coso^a 


Na  - 


For;  Proof  pressure  -  Ujo  psi 

d  -  53.141*  in. 

<Xa  -  7.5* 

cosc>ea  -  .9911il4 

fa  ■  (.8)(6)  -  I4.8  Ibs/end 

..  _  (n)f53.l4l4)*(U50) 

Tl4y(l4.5)r.99ll4l47 

Na  ■  212,000  ends  crossing  circumference,  nd 

Ml  -  (.81i)( 212,000) 

Ml  ■  178,000  ends  crossing  length  2  1 
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The  full  aoale  polarls  rocket  case  therefore  requlreg; 

106,CXX)  turns  at  7*^*  winding  angle 
89fOOO  turns  at  9^*  winding  an|p.e 


The  l/U  scale  model  therefore  inquires 

10^000  ,  6,620  turns  at  7*^*  winding  angle 
and 


■  5,560  turns  at  90*  winding  angle 


Note :  The  no.  of  turns  is  proportional  to  area  and  therefore  varies 
as  the  square  of  the  scale  factor 
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Appendix  VII 

Fiberglass  Reinforcement  for  Circular  Holea 


Assumptions 

1.  Fiber  tension  uniform. 

2.  Flat  bladirectlonal  laminate  with  fibers  at  angle 
from  Tsrtioal  as  shown. 

3.  Fiber  loads  transmitted  directly  to  reinforcing  ring  at 


let  P  ■  fiber  load  -  (ibs/end) 


let  M  •  no,  of  ends/in,  in  direction  perpendicvilar 
to  fiber  direction 

T  ■  PM  ■  load/in.  perpendicular  to  direction  of 
fibers 
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Radial  and  Tangential  Loada  at  Outer 
Circmnfaironce  of  Rainfcrclng  Ring 

The  radial  and  tangential  loade  on  the  reinforcing  ring 
are  found  as  follows t 


Force  due  to  first  layer  of  fibera 
Pi  -  T  (da  008  fi  ) 

Force  per  unit  arc  length  is 


Tds  cos 


^  -  T  cos 

08 

Radial  coaiponent,  ■  T  cos*^ 
Tangential  component,  ■  T  sin  /3  cos 
irtiere  -  n/2  -o<  -  0 
Force  due  to second  layer  of  fibers 
Fa  •  T  (da  con  ^  ) 

Force  per  \init  are  length  is  : 

ds  " 

Radial  component: 

-  T  cos 

Tangential  component 
N,p^  ■  T  sin  2r  CO®  i" 

where  ■  n/2  +  CX  -  0 


Total  Radial  Load  per  Unit  Length  of  Circumference 
%  ■  V  *  "r.  •  f  ♦  T  cos*^ 

“r  ■  ^  *  CO.V  1 

( direction 
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Total  tangential  load  per  \mit  length  of  circumference 
*  ^Ta  "  ^  ^  /?  +  T  ain  ^  cob</~ 

H,  -  T[L/? 

idiere  ^  -  n/2  -o<  -  0 
^  -  n/2  +  0<  -  0 

The  expressions  for  radial  and  tangential  load  per  unit  lengtii  of 
clrcumferenoe  may  be  simplified  as  foUomi 


Nr  , 
T 

whez*e 


'  cos*  ^  +  coa*^ 
0  -  n/2  -  (0  +«»<  ) 
/  -  n/2  -  (0  -o<) 


^  -  cos*  [n/2  -  (0  ♦«^)1  ♦  cos*  [n/2  -  (0  -  ex  )] 

■  sin*  (0  +o<)  +  ain*  (0 

■  [sin  0  coseX+  cos  0  sincX  ]*  +  [sin  0  coscK'  -  cos  0  sinO<]* 
-  sin*  0  cosi<  +  2  sin  0-000^-81110^0^0^+  cos*  0  sin^sK 

♦  sin*  0  cos* ex-  2  nln  Q  Q--«4Ti-rxyr.i«  o<[  +  cos*  0  8in*i^ 


■  2[sin*  0  coa*o<  +  cos*  0  8in*cx  ] 

*(1  +  cos  2  0)  (1  -  co82«)  ^  (1  -  coa2  O)  (l  +  C082c>r)l 

2  5  2  2  J 


^  ^  +  c,D82  0  -^cps?^  -  C082  0  cob2  cX 


+  1  -  cos2  0 


+  cop2^  -  c 


cos2  0  C082 


^  [2-2  0082  0  0082  cx  ] 


Nr 


1  -  (coa2  0)(cos2  ‘^  ) 
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njr  ■  Bin  p  ooa  P  +  ain  (f  ooa  ^ 
ahare  ■  tt/2  -  (O  +«><  ) 

(j'  •  it/2  -  (e  -o<) 

^  -  sin  [n/2  -  (0  +0^)1  coa[n/2  »  (0  +o<’)l 

♦  aln  [n/2  -  (0  -•<)]  epa  [n/2  -  (0  -®<)] 

■  cos  (0  )sin(0  *  o^)  *  cos(0  )sin(0  «»o<  ) 

-  [cos  0  coao^-  ainiOain»Cl  [sin  0  cos«<+  cos  0  stno^] 

+  [cos  0  cos0f  +  sin  0  8ino(  ]  [sin  0  co80<  -  cos  0  8ino<  ] 


■  2[sin  0  cos  0  ooa*^  -  sin  Q  cos  0  3in*<sK] 
•  2  sin  0  cos  0  [co8*c*<  -  8in*tfK  ] 

But:  2  sin  0  cos  0  ■  8in20 

cos*^  -  sin*^  ■  co824»< 
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For  small  winding  angles  «=x' 

COB  2  cK  1 

*  \ 

"  -  1  -  cos  2  0 

T 

Nq. 

—  -  sin  2  0 

Njj  Nj 

The  approximate  variation  of  T  and  f"  with  t  is  therefore  given 
in  the  following  staphs  t 


T 


0 
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It  is  interesting  to  note  that  when  o<  ■  IT/hf  we  have: 
Nr 

■y”  ■  1  -  (co82<?<  )(cob2  a) 

^  -  (cos2«  )(8in2  a) 


■Thu8,  for  a  winding  angle  of  the  radial  load  ia  uniform  over  the 
entire  circumference  of  the  reinforcing  ring,  and  tangential  load 
is  aero.  This  corresponds  to  a  pure  pressure^type  loading  on  the 
reinforcing  ring. 


Paga  lili  of  Pagat 


KIDDE  AERO-SPACE  DIVISION 
Walter  Kidde  &  Company,  Inc. 


REPORT  No. 


36U2-11 


Resultant  Load  at  Reinforcing  Ring 
_ Outer  Circumference 


“r..' 

Njj  «  T[l  -  (co82'==»<’)(coa2  0)] 
Nj  -  T[(co82o<)(ain2  0)] 


[1  -  (co82o;)(co82  O)]*  +  T*[(oo82Cx  )(8in2  0)]* 

N  I - 

-Ji  -  2(c082<^  )(c082  0)  +  (c08*  2C»C  )(c08*  2  0)  +  (co8^2CK)(8in*  20) 

"^1  -  2(co82  c7^)(co82  0)  ♦  (co8*2c*^(co8*2  0  ♦  8ln*2  O) 


But  8in*2  0  +  co8*2  0  ■  1 


N 

r«8 


-  2  (coa2e<')(co82  0)  +  coe*2 


The  angle  Vp  ia  given  by 

VF-.-Un-  I 


(cos2^  )(sin^) 


i  -  (co82o<)(cob  2W 


For  small  winding  angleOC”  .cos2o<'  crl 
N 

-  V  2  -  2  cos  2  0 


and 


^ ■  0  +  tan 


8in20 
1  -  coe  2  0 
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The  approxiiute  Tarlatlon  of  ^  with  0  is  as  foUowe: 


Thua,  the  reaultant  load  acting  on  the  reinforcing  ring  ia  a 
maxlam  at  0  ■  ff/2,  3ir/2 

The  direction  of  the  naxiaum  reaultant  force  when  0  ■ 
ir/2  for  exsaqale  ia: 

Vf-  n/2  +  tan"^  [yTTIIt] 

But  tan"^  (0)  -  0 

y-  n/2  -  0 

The  aaxjnpw  reaultant  load  haa  a  Talue  of: 

("rea)  — ^  -  2T 

and  acts  in  the  radial  direction. 

This  occurs  at  0  >  Tr/2  and  0  >  3n/2. 
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Hoop  Load  in  Relnforceaent  Hint 
AaauMS 

1.  Fiber  tension  unifona 

2.  Flat  bi-direetional  laninate 
with  fibers  at  an(^e  fToai 
rertleal 

3.  Fiber  loads  transieittiod 
directly  to  reinforeing  ring 
at  outer  edge  of  ring 

U*  Thin  reinforcing  ring 


Let  R  ■  Ri  Ra  "  resultant  load  acting  on  ring  froa  0^  to  (0^  «) 

0  -»■  n 

o  ^ 

R  -  /  [Tde  ooe  i  ooa(0^  •©<  )  ♦  Tds  cosp  eoe  (0^  ♦or )] 


but  ds  r  d  0 

cos/  -  cos  [it/2  -  (0  -o<)]  •  8in(0  -»<) 
cos  ^  »  cos  [ir/2  -  (8  ♦<^)]  ■  elnCd  +c<) 

8  +  w 

R  -  Tr  /  °  [coe(8^  -o<  )sin(8  -oc  )  +  cos(8^  +  o<  )sin(8  ♦  o<)]d8 
®o 


8  +  IT 

o  r 

/  \  oos(8^  •0<)[siii8  008  -  cob8  sinO^] 

®o  ^  +  coe(8^  +^)[8ijn8  oos  oc  ♦  oo88  BinO<] 


de 


ll(oos*  8  008*  oc  ♦  Bin*  8  sin* 
o  o 


R/r  _  ,  r  (1  ♦  cos  2  8©)  (1  •»  cos  2  ex  )  ^  (1  -  oos  2  8o)  (l  -  cos  2«=><) 

T  t.  2  2  2  T 


R 


[1  +  (cos  2o<)(cob  2  8^)3 


. . . P«9«t 
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For  snail  vlnding  angles  <=><  , 
oos  2o<  «s!  1 


0  V2  It  3tt/2  2n  6^ 


1 

1 

1 
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Shear  Area  baaed  on  Maxlaean 


For  analL 


For  narrow  ring 


r  i^ra 


Therefore, 


(Sg,.)  («*>).  2  f,  A.  n 


where  ■  shear  atreaa  (Interlaminar) 


A  «  shear  area 
8 

n  ■  number  of  ralnforoement  layers 


But  A^  -  J  r,*  d  0  -  I  i^“  d  0  - 


r  -  ^  (ri  +  r«) 


a  ^a 


max 

But  r  ■  i  (n  +  rs) 


(ra*  -  rr‘) 


(rs*  -  ri*)  -  (ra  ♦  rj)  (ra  -  n) 


^  -  2  n  f g  ^  (ra  -  n) 

^  <«Res> 


^s  "  2n(ra 


T 

Mra  - 


for  small  winding 

angle 
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n  ■  mnaber  of  rolnforoeaent  layers 

.*  t  2  rT  ■  n  P  *0 
But  T  -  P.M 

where  P  ■  load  per  end  in  unreinforced  sheet 

M  ■  nuaber  of  ends  per  inch  J.  to  direction 
of  fibers 

.'.2  r  PM  -  nP's 


KIDDE  AEROSPACE  DIVISION 
Walter  Kidde  &  Compaiij,  loc. 


REPORT  No. 


36U2:tU. 


Slilng  of  Reinforcement  Pads 

Method  of  Slglne  Fed 

1.  Determine  Taluee  of  the 
foUowlnf 

P  -  Load  -XT  end  of 
unrelnforced  sheet 


N  -  Ntimber  of  fibers  per 
in.-L  fiber  direction 
(same  for  each  winding 
direction) 

2.  Calculate 

T  -  P.N  -  load  per  in.  _L  fibers  fibers 

3*  For  giTsn  rij  calculate  ra  based  on  allowable  shear  in 
reinforcing  ring.  (Assune  a  walue  for  n) 

where  fsa  -  allowable  interlaminar  shear  (psi) 

n  ■  number  of  reinforcement  layers 

U.  Calculate  number  of  circumferential  ends  per  layer 
of  reinforcement 

T 

S  -  (n  +  ra) 

where  P'  >  allowable  load  per  end  of  circumferflntial 
windings  in  reinforcement  pad 

Calculate  packing  of  circumferential  reinforcement  fibers 

Q  - 

ra-ri 

where  Q  no.  of  circumferential  ends  per  inch  along 
radius  for  each  reinforcement  layer. 
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